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The program I,215 (INTERP) ir a modal interpolation program designed to determine 
specific motions at desired aerodynamic control pointa. The motions obtainable are 
tranelatione normal to the aurface and surface elopes, which are parallel and 
perpendicular to the free&ream direction. 
The program performs the interpolation procew in two stages. First, using the modal 
data generated by a vibration analysis. a sat of interpolation coefficient arrays (SA 
arrays) are formed. Second, the SA array8 are used with aerodynamic control-point 
geometry data, to calculate the needed surface motiona at the control-point locations. 
Either phase may be executed separately, with the data saved from each phase on a 
magnetic file (tape or diakl for later uee. 
Modal data consieta of nodal locations and nodal displacements that describe the shape 
of each vibrational mode (mode shape). Thie data can be subdivided and rearranged to 
best meet the user’s needs. Nodal locationr may be input in reference axis or local axis 
system coordinates. Mode shape data can be input in combined freedom form (one 
matrix containing all allowed nodal dieplacements) or in single freedom form (separate 
matrices with each matrix containing a epecific type of displacement for all nodes) and 
the number of modes can be reduced or increased as desired. Modes describing rigid 
control surface rotations can be added to the basic set of input modes. 
Five types of interpolation methods are available for use: motion point, motion axis, 
beam spline, surface spline, and polynomial. Care must be exercised in matching the 
type of modal input and the desired use of the interpolated motion with the type of 
interpolation method chosen. 
The only theoretical assumption made in the interpolation program is that all 
displacements described by the mode shapes are defined in the local aerodynamic 
surface. No displacement transformations are applied to the input mode shapes. 
The output from L215 coneieta of: 
8 Sorted input mode shaper and node locationa 
8 SA arrays 
0 Interpolated displacements conairting of surface translations and slopes 
The significant program restrictions are: 
l All interpolated slopes are given parallel and/or perpendicular to the freestream 
direction. 
l The beam spline interpolation method will yield slopes perpendicular to the 
freestream direction only if mode shapes for the beams contain these 
displacements. 
l Problem size for any one surface is governed by the SA array size limitation of 
10 000 words. 
2.0 INTRODUCTION 
The computer program L215 (INTERP) was developed for use either as a standalone 
program or as a module of the program aystem called DYLOFLEX developed for NASA 
under the contract NASl-13918 (ref. 1). The modal interpolation program (L215) was 
designed to meet the DYLOFLEX contract requirements as defined in reference 2. These 
requirements specify the need for a program capable of calculating displacements at 
several points on an aerodynamic surface from modal data generated in a structural 
vibration analysis. The program was developed using existing BCAC/BCS interpolation 
subroutines.’ 
The objective of this volume is to aid those persons wishing to use the program. To meet 
this objective, the following items are discussed: 
0 The engineering and mathematical equations used to formulate the problem 
l Program structure and design 
l Guidelines to the actual use of the program. 
A sample problem is also presented in this volume to aid the user in the execution of 
the program. 
1 
ATLAS - An Integrated Structuml Analysis and Design System “System Design Document,” 
D6-25400-0002TN, and “User’s Manual - Input and Execution Data,” D6-25400-0003TN. Boeing 
Commercial Airplane Company, 1974. 
3 
3.0 SYMBOLS AND ABBREVIATIONS 
Below is a list of items that appear in the discussion of this document except section 




















Coefficients used for the polynomial interpolation method. 
Coefficients of the cubic function used in the cubic spline techniques. 
Surface slope parallel to the freestream direction. 
Surface slope perpendicular to the freestream direction. 
Local axis system. 
Number of nodes used for interpolation. 
Highest order of the polynomial: function used for the polynomial 
interpolation method. 
Unit normal. 
Perpendicular distance from the control surface hinge line to the point 
of interest on the control surface. 
Euler rotation matrix. 
Reference axis system. 
Radial distance from the ith node on the surface to a point of interest 
on the surface. 
Distance from the attachment point on the motion axis to the output 
point (measured positive for output points forward of the motion axis). 
Smoothing factor for surface spline. 
Local axis system coordinates of a point on the surface. 
Coordinates of the inboard end of the control surface hinge line. 
Coordinates of the outboard end of the control surface hinge line. 
















Reference axis system coordinates at a point. 
Local axis system coordinates of an output point. 
Local axis system coordinates of a node point. 
Offset distances between the node point and the output point (defined 
in the local axis system). 
Local structural axis system coordinates of a point. 
The desired x and y shift between the local structural axis system and 
the local aerodynamic axis system; (OFFX,OFFY) are the variables 
used inside the program. 
Nodal translational displacements defined in the x,y,z direction. 
Displacements at the motion axis reference points. 
Dependent surface displacements. 
Parent mu-face displacements. 
Nodal rotational displacements defined about the x,y.z axes. 
: 
Rotation of the control surface about its hinge line. 
Mode shape matrix. 
Euler rotation angles. 
Desired dihedral correction to be applied to interpolated data. 
Surface dihedral angle 
Unit normal orientation with respect to z reference axis in degrees. 
Orientation angle of the attachment line used in the motion axis 
interpolation method. 
Sweep angle of the control surface hinge line. 
ai: . ‘aNsaN+ls Coeffkients for the surface spline interpolation function 
aN+2+N+3 
4.0 ENGINEERING AND MATHEMATICAL DESCRIPTION 
4.1 CONCEPT OF SURFACES 
In finite-element-type aerodynamic methods, components such as flat plates used for 
lifting or thin body representations, bodies of revolution used for slender body 
representations, and polygonal cross-sectional cylinders used to represent interference 
bodies are employed in various combinations when aerodynamically modeling an 
airplane. The calculation of aerodynamic forces for each of these elements usually 
requires normal motions and freestream slopes at aerodynamic control points on the 
elements. It is often the case that vibration analyses, which can use modeling6 ranging 
from simple beams to complete finite element representations, calculate motions at 
nodal points that are not directly applicable to the aerodynamic modeling. Also, the 
aerodynamic idealization may often be varied without necessitating a change in the 
vibrational model. It is necessary, therefore, to be able to interpolate the modal data for 
the required motions at the aerodynamic control points. 
In order to give the analyst the versatility of using a variety of vibrational analyses 
with various aerodynamic modelings, it is necessary to be able to regroup, rearrange, 
and reorder the modal data into subsets that best fit the chosen aerodynamic modeling. 
These subset divisions shall be called surfaces. It is not necessary to have a one-to-one 
correspondence between the modal subsets, or surfaces, and the aerodynamic bodies. For 
example, the modal data grouped into one set of surface data may be used to derive 
interpolation data for a slender body element and a related interference body element. 
On the other hand, two different surface groupings may be necessary to develop the 
interpolation data for a thin body that contains a movable control surface, or for a 
slender body that is capable of both vertical and lateral motions. User understanding of 
the aerodynamic modeling used and of the modal data being input, is required for 
proper surface divisioning. 
4.2 AXIS SYSTEMS AND DISPLACEMENT SIGN CONVENTIONS 
The interpolation program utilizes two basic types of axis systems, the reference axis 
system (RAS) and the local axis system (LAS). Both are right-hand systems. 
Local axis systems are defined for each surface, and all the interpolation data that 
pertains to a surface is defined with respect to its local axis system. In defining a 
surface’s local axis system, two rules must be followed: 
l The local x axis must lie in the freestream direction with the positive x direction in 
the direction of the flow. 
l The y axis must lie perpendicular to the flow with its positive direction pointing in 
the direction of increasing span. 
The reference axis system is used to define the spatial relationships between the 
various surface local axis systems. Its function is purely geometrical, and it is advisable 
to maintain the same reference axis system throughout the analysis. A typical axis 
system orientation is shown in figure 1. 
Figure l.-Axis System Orientations 
L215 (INTERP) assumes that for each interpolation surface the input modes used to 
formulate a surface’s interpolation arrays are defined in the plane of the surface. For all 
interpolation methods, except motion axis, the input modes must be oriented in 
directions that are parallel and perpendicular to the freestream. The motion axis 
method can accept motion oriented perpendicular and parallel to local motion axis. The 
sign convention used by INTERP in forming the interpolation arrays is shown in 
figure 2. The ability does exist in INTERP to input modes defined in a sign convention 
different from that shown in figure 2. 
Q xQ 
4 x Y Figure 2. -Displacement Sign Convention 
4.3 COORDINATE TRANSFORMATION 
The location of any point can be expressed in reference or local axis coordinates. The 
transformation from one axis system to another is accomplished by applying the 
following transformation equation: 
where: 
(1) 
“fyYp ‘ZP = Local axis system coordinates of a point in space 
xR,yR>zR = Corresponding reference axis system coordinates 
xoR,yoR,zoR = Reference axis system coordinates of the origin of the local axis 
system 
[RI = Euler rotation matrix which rotates the reference axis system into 
the local axis system 
The transformation described by equation (1) consists of a translation that moves the 
reference axis system to the origin of the local axis system and a rotation that rotates 
the translated reference axis system into the local system (see fig. 3). 
Figure 3. -Coordinate Transformation 
The rotation matrix [R] is defined by performing one to three order-dependent rotations 
and is written as: 
[RI = [R31 b21 [RI] (2) 
8 
where [Rf] = the ith rotation matrix about an axis. The subscript i signifies the order 
of rotation. The rotational matrices that describe the rotational transformation about 
any one axis are: 
about the x axis: 
about the y axis: 
1 0 o- 
[IQ1 = 0 cos $4 sin 4 
0 -sin 4 cos r$ 
[Rel = 
about the z axis: 
cos $ sin * 0 




Thus the rotation matrix in equation (2) is built up from the proper combination of the 
matricies given in equations (3) through (5). For example, for the rotation illustrated in 
figure 4 where the first rotation is about the y axis of the reference axis system, the 
second rotation is about the moved x axis, and the final rotation is about the z axis of 
the local axis system, the rotation matrix is given by: 
[RI = [R$l [Q,l [Rel (6) 
YR -8 
Figure 4. -Typical Rotational Transformation 
9 
A more detailed discussion of Euler angle definition can be found in reference 3. 
The program places one restriction .on the formation of equation (2). No two rotations 
may be about the same axis. One may not rotate first about the x axis, for example, 
then about the y axis, and finally about the x axis again. Rotations must take place 
about three different axes. 
4.4 MODAL INTERPOLATION METHODS 
The function of the interpolation program is to determine translations normal to an 
aerodynamic surface, and freestream slopes of the surface at points on the surface 
known as aerodynamic control points, from modal data generated by the user’s 
vibrational analysis. The modal data consists of mode shapes and nodal coordinates. 
The interpolation process is performed in two steps. First, nodal data, transformation 
data, and mode shape matrices [+*a] for each surface are used to construct an array of 
interpolation coefficients called SA arrays. Second, the SA arrays for each surface are 
then used with the aerodynamic control-point locations for each surface to determine 
the translation normal to the surface, S,, the surface slopes parallel to the freestream, 
d&ldx, and the surface slopes perpendicular to the freestream, d8,idy. 
Five interpolation methods are available for use. All methods except one require mode 
shapes defined in the local axis system of the surface. The type of method chosen for a 
surface is dependent upon the type of vibration analysis performed (i.e., beam vs. finite 
element) and the type of aerodynamic body to which it will apply. 
Table 1 lists some typical uses of the different interpolation methods. The selection of 
any one method for interpolation on a surface is left completely to the discretion of the 
analyst. Since the quality of interpolated results is affected by such factors as 
smoothness of the modal input, distribution of the input nodes over the surface, the 
value of various parameters associated with each method, and the location of output 
nodes; it is only through the experience of using the different methods that an analyst 
can be assured of obtaining good interpolation results. When performing interpolation 
on a surface for the first time, it is recommended that the user examine the interpolated 
output to insure the proper results are being obtained. The following is a discussion of 
each method. 
4.4.1 MOTION POINT 
The motion point interpolation method uses modal displacements defined at a single 
node point to determine the motion at any set of output points (see fig. 5). For example, 
in a vibration analysis a nacelle may be modeled as a rigid body attached to a wing. In 
such a case, the motion of the nacelle is defined by the modal displacement of its center 
of gravity. Using the center of gravity as the input node, motion point can be used to 
determine the required displacements at the various control points of the slender body 
used to aerodynamically model the nacelle. 
10 
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Wing, horizontal tail, 
vertical tail, fuselage, 
control surface 
Wing, horizontal tail, 
vertical tail, control surface 
Wing, horizontal tail, 
vertical taii, control surface 
All aerodynamic 
bodies 
Figure 5. -MO tion Pam t Interpolation 
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The determination of the output motion is made using the small angle rigid body 
displacement transformation, equation (7): 
-1 0 0 0 AzQ -AY 
0 1 0 -AZ* 0 Ax 
0 0 1 Ayll-AxQ 0 
00010 0 
0 0 0 0 1 0 
0 0 0 0 0 1 
node 
(7) 
The quantities Ax~,Ayp, and AzQ represent the local axis system offsets between the 
input node and the output point. They are defined by: 




AYQ = yIlo-ypn (8) 




The capability exists to orient the final motion to a surface that makes a dihedral angle, 
-y, with respect to the local xp, ya plane, equation (9): 
62 = 6zo (cos 7) - hy (sin 7) 
d&,/dx = - (e y. cos y + e,Oo sin y) 
dh,/dy = 0x 
0 
(9) 
Though input motion for motion point may consist of all six displacements, when used 
with the DYLOFLEX system only three displacements, 6z, 13x and By, should be used. 
This restriction is a result of the way other DYLOFLEX programs use the interpolated 
results. For bodies that experience both vertical and lateral motion (such as nacelles), 
this restriction will require the formation of two interpolation arrays; one with its local 
z-axis lying in the direction of vertical displacement and the second with its local z-axis 
lying in the direction of the lateral displacement. 
4.4.2 MOTION AXIS 
The motion axis interpolation method is most commonly used to determine the 
displacements and slopes on lifting surfaces and slender body axes when the mode 
shapes are generated from a lumped mass-beam model. In such cases, the modal 
displacements are associated with nodes that lie in a plane and define an axis composed 
12 
of straight line segments (e.g., the elastic axis of a high-aspect-ratio wing, or the hinge 
line of an aerodynamic control surface). The motion axis itself is defined by a series of 
definition points that have a reference line associated with them. The orientation of the 
reference lines is established by the user, and does not have to lie perpendicular to the 
motion axis (see fig. 6). The functions of the reference lines are to establish the 
interpolation regions over the surface and to determine attachment locations of the 
desired output points on the motion axis. 
Reference lines 
l Motion axis definition points 
A  Desired output points 
l Node locations 
X  Attachment points 
I C 
Figure 6.-Motion Axis Interpolation 
Within each interpolation region, the motion axis is described by a cubic spline 





is generated from the x-y coordinates of the motion axis definition 
x = c,+c 1 y+c2y 2+c3y3 Yi<Y<Yi+ 1 (10) 
Inboard and outboard y locations of the ith interpolation region 
Cubic coefficients for the ith region 
axis represented in this manner, the first and second derivatives will With the motion 
be continuous while maintaining a minimum of curvature over the interval (xi, yi) to 
(x1+1, yl+l). It is important to note that in modeling an elastic axis that consists of 
straight line segments, care must be taken in choosing the proper location and number 
of motion axis definition points. Definition points should be placed as close to the axis 
13 
breakpoints as possible, and a sufficient number of points should be included in between 
breakpoints to keep the amount of curvature introduced by the cubic function to a 
minimum. 
The closeness of the definition point spacings is a function of the associated reference 
line orientations. In order to obtain best results, it is advisable to have two adjacent 
reference lines intersect off the surface of interest (see point C of fig. 6). Thus, to meet 
this guideline, the spanwise spacing of motion axis definition points is a function of the 
relative difference between the respective reference line orientations and the size of the 
surface of interest. 
The motion axis method uses only three of the six possible nodal displacements, vertical 
translation (6,) and the two rotations (0, and 0,). The rotations may be oriented 
parallel and perpendicular to either the freestream or the motion axis. Again, when 
used for bodies that experience both vertical and lateral motion, two separate SA arrays 
must be formed; one with its local z axis lying in the vertical displacement direction and 
the second with its local z axis lying in the lateral displacement direction. 
The motion at a desired output point is found by first determining into which region the 
output point falls. Use is then made of the orientations of the reference lines defining 
the region to determine the point of attachment of the output point on the motion axis. 
If the reference lines defining the region are parallel (as is the case with point A, fig. 6), 
then an attachment line is drawn from the output point to the motion axis with the 
same orientation as the two reference lines. If the reference lines are not parallel (as 
with point B, fig. 6), the determination of the attachment point becomes more involved. 
First, the intersection of the two reference lines is determined (point C of fig. 6). This 
point is known as the segment mapping point. Next a line is drawn from the mapping 
point to the output location. This line becomes the attachment line of the output point. 
The intersection of this attachment line with the motion axis defines the point of 
attachment of the output point. This point is known as the output point’s associated 
reference point. Displacements at the reference point are then determined by using 
cubic spline functions in arc length, defined over each interpolation region, to 
interpolate from the nodal input points to the reference point. 
Motions at the reference point are then transformed to the output locations along the 
rigid attachment link. The transform equations are: 
6 
ZO 
= bzr + [cos (A,) * By - sin (A,) * Ox,] Ar 
r 
(11) 
dfizo/dx = - ey 
r 




Vertical and rotational displacements at the reference point 
Vertical displacements and alopes at output locations 
Orientation angle of the attachment line 
Distance along the attachment line from the attachment 
point to the output point (positive for output point forward 
of motion axis) 
4.4.3 BEAM SPLINE 
The beam spline interpolation method is an extension of the motion axis method. This 
method is ordinarily wed to determine di6placemente and slopes on lifting surfaces 
using modal data determined by a finite element analysis. In the beam apline 
technique, motion is defined along two or more beams that lie in the x-y plane of the 
surface. This motion consists of translations normal to the surface (&I and rotations (8, 
and 0,) that must be defined parallel and perpendicular to the freestream. The 
relationship of the beams with respect to each other may vary from parallel to 
intersecting, with the only restriction being that any streamwise interpolation must be 
performed over a minimum of two beams (see tig. 7). 
zp t+ UP1 
Figure 7. -Beam Spline interpolation 
Cubic spline functions of the form used in the motion axis method are determined for 
each beam, using the nodal locations assigned to each beam. These functions are 
combined with the nodal motion, to generate a set of cubic funct.ions in ax-c length (one 
for each beam) that are utilized to interpolate for motion at intersection points on the 
beams. The intersection points are determined by a streamwise cut made at the output 
point locations. The interpolated motion at the intersection points along any one 
streamwise cut form the set of data needed to generate a cubic function for each 
streamwise cut. The motion at the output points are then determined using the final set 
ofstreamwise cubic functions. 
In some instances, beams may not extend the full span of the interpolation surface lsee 
fig. 8). The user can extrapolate the input data of the shortened beams in the outboard 
and/or inboard direction. It is stated previously that to form the streamwise cubic 
functions used to interpolate to the desired output nodes, a minimum of two intersection 
points are required. This extrapolation capability allows the formation of the 
streamwise cubic function at locations on the surface where only one beam may be 
present. As is the case with all extrapolation processes. the results of the extrapolation 
should be examined by the user to insure their validity. 
F;gure 8. - Beam Sphe Extrapolation 
4.4.4 SURFACE SPLINE 
The most general form of interpolation is the surface spline technique. This method uses 
the vertical deflections, 6,, which are defined on a surface in a finite element analysis 
to develop a set of interpolation coefficients. The coefficients are determined by using 
the solution to the differential equation of a circular isotropic plate of infinite radius 
subjected to point loads and pinned at the edges. The resulting expression for the 
deflection at any point is: 
N 
$(XsY) = c [q’i*Q”(Q*)l + “$J+] + “N+2X ’ mN+3y (12) 
i=l 
ri2 = (X - X,j2 + (y - yi)2 
N = Number of nodes on the surface 
%aN+l@N+2@N+3 = Interpolation coef&ients 
The interpolation coefficients are solved for, by using equation (12) to generate a set of 
N equations: 
N 
h,(xisYi) = c [airij2Q”($‘)l + “‘N+l + aN+*Xi + “&T+jYi (13) 
j=l i= I,N 
‘ij 
2 = Cxi - xj)2 + (Yi - Yj)* 
along with the three additional equations: 
fj 9= i Vi=$ Vi=’ (14) 
which are derived from the plate boundary conditions. Equation (12) can be altered to 
include a smoothing factor, Sk1 that are used to affect the interpolated results: 
N 
Gz(XsY) = c Iai(ri*Q”(ri*) + Ski)1 + UN+] + aN+2X + “N+3y 
i=l 
(15) 
A different smoothing factor may be applied to each node or one factor may be used for 
all the nodes on the surface. The choice of smoothing factors is completely arbitrary and 
is usually made after the analyst has examined the results of interpolation without 
employing any factors. It is important to note that if smoothing factors are used, 
interpolating hack to the data input points will not give the exact input deflections 
hecauae the effect of the smoothing factors is to relieve this constraint. 
The surface slopes are given by: 
and: N 
d6,is.yVdy =_1 z ~li[I +P”tri’)I (Y-Yi)+aN-3 
116) 
4.4.5 POLYNOMIAL 
The last type of interpolation is the polynomial method. This method requires no modal 
input and can be used to deline displacements on any type of aerodynamic surface. The 
user simply defines the order and the coefficients of a polynomial that describes the 
surface vertical deflection: 
6,ky) = C C cijx$j 
i=o j=o 
and: 
4.5 PARENT SURFACE MODES 
In defining the modal input for a surface, the capability exists to use the SA array of a 
previously defined surface to calculate the motion of another surface at a common point. 
of attachment. The surface whose SA array is used is called the parent surface. The 
surface that uses the parent surface SA array is called the dependent surface. This 
option is most commonly used with the control surface rotation option described in the 
next section. If a control surface rotation is to be added to the basic set of modal 
freedoms, this option can be exercised to define the modal displacements along the 
control surface hinge line for the basic set of freedoms. In this way. the analyst may 
account for a moving control surface without having to rerun the basic vibration 
analysis. This option may also be used to define the motion at the attachment point of a 
rigid surface to a flexible surface. Then interpolating from the attachment point using 
the motion point method, the displacements over the rigid surface can be defined. 
Nodal locations on the dependent surface are used as output points with the parent 
surface SA arrays to generate modal displacements at the dependent surface’s nodal 
points. The surface vertical deflections and slopes obtained from the parent surface SA 
array then become the input motions for the dependent surface. Thus, the dependent 
surface input motions are given by: 
6 6 zd = zp 
e Xd = dSzpldy 
e 
yd 
= -d6, /dx 
P 
(18) 
where the subscripts denote: 
P = Parent surface 
d = Dependent surface 
The motions of the dependent surface can be used with any interpolation method that 
requires modal input. Proper use of the parent surface option requires that the parent 
and dependent surfaces have the same local axis system. 
4.6 CONTROL SURFACE ROTATIONS 
The interpolation program has the capability of adding a control surface rotational 
freedom to the basic set of modal freedoms. The user need only define the hinge line 
location and the amount of rotation about the hinge line (see fig. 9). The surface vertical 
deflection and slopes are calculated, assuming a rigid rotation of the control surface, 
and are given by the following equations: 
(R is negative for points lying 
aft of the hinge line) 
XT0 - xx, 
AN = tan-l YE, _ YEl 
(19) 
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Figure 9. - Control Surface Rotation 
4.7 AERODYNAMIC AXIS SHIFT 
The formulation of the interpolation (SA) arrays is based on the local axis system that 
is defined with respect to the structural idealization. This local axis system will be 
denoted as the local structural axis system. The aerodynamic control points, however, 
are usually definded relative to a local axis system that is designated with respect to 
the aerodynamic idealization. This local axis will be called local aerodynamic axis 
system. It is often the case that the local structural axis system and its respective 
aerodynamic axis system become misaligned. Restrictions imposed by the aerodynamic 
idealization may place the local aerodynamic axis outboard or inboard, fore or aft, of the 
local structural axis. It is also a possibility that the simple calculation of the difference 
between the two origins will not yield the right amount of correction needed for proper 
spatial alignment (see fig. 10). 
Therefore, the capability exists to adjust the coordinates of the aerodynamic control 
points in such a way as to bring them into the proper spatial alignment with the local 
structural axis. This adjustment is accomplished under the following two assumptions: 
l The local aerodynamic axis x,y plane must lie in or parallel to the local structural 
axis x,y plane. 
l The axes of the local aerodynamic system are parallel to their respective axes of 
the structural system. 
Under these assumptions, the local structural axis system coordinates of the 
aerodynamic control points become: 
(20) 
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XA’ Y/q ZA = Local aerodynamic 
‘axes used to define 
horizontal stabilizer 
aerodynamic geometry 
SS’ Y,. zs = Local structural axes used 
to define motion axis geometry 





xfA, y’A z’~ = Re-aligned aerodynamic 
axis svstem to 
yield iroper 
interpolation values 
Motion axis along which 
vibratory motion is defined 




Figure 10. - Aerodynamic Axis Shift 
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where: 
= Coordinates of an aerodynamic control point defined in the local 
structural axis system 
= Euler rotation matrix 
= Reference axis system coordinates of the aerodynamic control 
points 
= Reference axis system coordinates of the origin of the local 
structural axis 
= x and y shift values measured in the local structural axis and 
defined as the correction needed to place the local aerodynamic 




5.0 PROGRAM DESIGN AND STRUCTURE 
5.1 FORMATION OF THE SA ARRAYS 
SA array formation is carried out for each individual surface in six steps: 
Defining the surface orientation 
Inputting and sorting the nodal coordinates 
Defining scale factors 
Inputting and sorting the mode shapes 
Adding rigid surface freedome if required 
Selecting the sorted freedoms and the type of modal interpolation method 
The input required for each step may vary from surface to surface, depending upon the 
type of modal input and the interpolation method chosen. One problem variable that is 
constant for all surfaces is the total number of modal freedoms that are to be used to 
form the SA arraye, NTMODE (card set 4.0). 
The number of modal freedoms used may be greater than or less than the number of 
modea input from the vibrational data. This gives the user the capability to increase or 
decrease the number of modes used in the structural analy& By setting NTMODE 
greater than the number of input modes, additional freedoms can be added to the basic 
set of modes. In the same respect, making NTMODE smaller than the input freedoms 
allow the user to aelect the freedoms that are to be retained for the interpolation 
problem. 
Surface Orientation 
The orientation of the surface with respect to the reference axis system is established by 
inputting the reference axis system coordinatea of the origin of the surface’s local axis 
system and the Euler triad and rotation order required to rotate the reference axis 
syetem into the local axis system (card set 6.0). Tbia data defines the coordinate 
transformation described in section 4.3. The traneformation ie needed only if nodal 
locations are input in reference axis system coordinates, or if surface orientaticn 




Nodal data may be input via cards or magnetic file (card s&7.0), and the nodal 
coordinates may be defined in either the reference axis system or the surface’s local axis 
s:stem. If the coordinates are input in terms of the reference axis system, the 
transformation discussed in the previous paragraph is applied to obtain the local axis 
system locations of the nodes. Local axis system coordinates are needed because all 
interpolation is carried out in the local axis system. 
Included 8s part of the nodal input data is a set of node orientation angles. The motion 
associated with each node may have an orientation that is different from that of the 
surface local axis system. For example, motion defined along an elastic axis might be 
oriented parallel and perpendicular to the axis and not to the freestream. In such B 
case. the surface rotation matrix would not describe the proper orientation of the nodal 
displacement with respect to the reference axis system. Since the modal data can be 
used in other programs, it is important to insure that the proper orientation is 
transmitted to these other programs. Therefore, the capability exists to input a set of 
Euler triads for each node. 
These angles are not used within the interpolation program itself, but are merely 
present for passing information on to other programs. It is important to note that the 
Euler triad specified for each node will be applied in the same order as the surface’s 
Euler triad specified on card 6.2. Also. the surface orientation angles given on card 6.2 
will be used for any nodal angles that are not input. Thus, if the nodal motions of a 
surface only vary from the surface orientation by a sweep angle, the user need only 
input the node sweep angles. The other two Euler angles will be taken from the 
surface’s Euler triad. 
Once the node locations and orientations have been established, the only remaining 
tack is the sorting of the input nodes. This is accomplished by the use of the nodal 
mapping option provided in card set 8.0. The sorting or mapping process is accomplished 
by the filling in of a null matrix. The row size of the null matrix may be less than or 
equal to the row size of the input matrix. In this way the number of nodes the analyst 
wishes to use in forming the SA arrays for the surface may be reduced. Mapping is 
essentially B w-ordering of the rows of the input coordinate data (see fig.11). If the 
mapping option is not exercised, the nodes will be used in the order in which they 
are read. 
Figure 11. - Nodal Mapping 
Scale Factors 
The major function of the scale factors is to define the input motion which is used by 
the SA arrays in the sign convention shown in figure 2. Combining this capability with 
the modal sorting ability described next, the analyst can use vibration data defined in a 
different sign convention. The scale factors, though appearing before the sorting cards 
in the input data flow, are applied to the model displacements after sorting has taken 
place. Thus. a scale factor on a az motion refers to the sorted 6, motion end not the 6, 
as defined in the vibration analysis. The scale factors only affect the mode shapes es 
they ere used by the SA array, and ere not applied to the sorted modes output on the 
magnetic file SATAP. Thus, one is able to perform e sign change on the input modes to 
make the motion compatible with the interpolation sign convention, yet leave the modes 
in their original sign convention to be used by other programs. 
The dependent surface’s scalars must have the seme values es the parent surface’s 
scalars to maintain the sign convention consistency between surfaces. Parent surface 
modal displacements, obtained fmm the parent surface SA array for use as input motion 
for a dependent surface, are returned to their original values before being used by the 
dependant surface. This is done to maintain a consistent sign convention between the 
sorted parent input modes and the sorted dependent input modes. Any modes appended 
to the parent surface must be defined in the original sign convention of the parent 
surface. Any rigid surface modes that are defined in the local axis system of the surface 
are redefined to be consistent with the other input modes of the surface before being 
appended to other modes. 
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hIode Shape Input 
The modal displacement data for a surface can be input from two source5: 
. Internal. using a previously defined SA array 
. External. using mode shapes input via cards and/or magnetic tile 
The capability exists t.o use eit.her one or both oi these sources to compile the mode 
shape data needed for the surface SA arrays (card sets 10.0, 11.0. and 12.0). 
The internal generation of mode shapes is done using the parent surface concept 
discussed in section 4.5. The user need only specify which previously delined SA array 
shall be used to generat.e the nodal displacements. 
Mode shapes coming from external sources may be input in one or both of the following 
forms: 
. Combined freedoms - One large matrix containing all the allowed displacements 
for each node (card set 11.01 
. Single freedoms - A set of up to six individual matricies with each matrix 
containing one type of motion for each node (card set 12.0) 
Modal mapping capability exista with both forma and is used to place the modal data in 
single freedom format. 
The modal mapping process is similar to the nodal mapping discussed earlier. Here, 
however, eix null matrices are generated. Each matrix will eventually contain the 
desired mode shape8 for the eurface, and each will describe one type of motion for all 
the nodes. The process of filling the null matricee is carried out as directed by the user 
(see figs. 12 and 13). Sorting of mode shapes in this manner allows the user the freedom 
to reorder and redefine the input motion. It is this sorted motion (single freedom 
format) that is used as input for the creation of the SA array. 
Rigid Surface Modes 
Though modal freedoms may be merged by using both the combined freedom and single 
freedom input formats with a single surface. the rigid surface option allows the u8er a 
simple method of adding B rigid surface rotation mode to the basic set of input data 
(card set 12.0). This option, when used with the parent surface options. provides a 
convenient way of generating modal displacement for a control surface. Given the hinge 
line location and the amount of rotation about the hinge line, the interpolation prograrl: 
calculates the vertical displacements and slopes of the control surface node points. This 
motion is then appended to the basic set of modal data, which was generated using the 
point combined freedom input, the single freedom input, or the parent surface option. 
lnputdirplacement 
sign convention 
Figure 12. - Combined Freedom Mapping 
I 0 In 
Selection of Interpolation Method 
The last step in the SA array formation process is the selection of the aotied freedoms to 
be used (card set 14.0) and the selection of the interpolation method (card sets 15.0 
through 19.0). The freedoms that one uses will depend upon the type of interpolation 
chosen. Table 2 Ii& the interpolation methods and the permitted modal input 
associated with each method. It is the user’s reponsibility to insure that the proper 
motion types are used with the selected method so that proper interpolation results are 
obtained. Multiple SA arrays (up to six) can be generated for any one surface by 
repeated use of card set 14.0 and the associated card set for the particular type of 
interpolation method. 
Table 2. - Displacement Inputs, Need for the Different lnter~~lation Methods 
Comments 
Though all six modal dirplacementr may be inpur for this method. 
DYLOFLEX users should only input the three dirplacementr oi 
6,. 8, and By 
M0li.a” axis 
1 to3 There must be one translation. 6,. The By rotation is aprianal and 
is ml  needed for the d6Jdx derivaiive calculation. 8, diwlacement 
ii also optional. but is required if the dA,idy derivarive is desired. 
1 The local 6, displacemenf is the only input required 
0 No modal dara required 
5.2 DETERMINATION OF INTERPOLATED MOTION 
The second phase of the interpolation program deals with the determination of iacal 
vertical translations and freestream slopes at specified output locations. This phase uf 
the program may be executed by itself using SA arrays generated by a previous run, or 
it may be executed in conjunction with the first phase of the program as part of the 
same run. Since the downstream programs of the DYLOFLEX system only use the SA 
arrays from INTERP. the analyst has no means of judging the quality of the 
interpolation without executing some of the downstream programs. Thus the primary 
purpose of this phase is to provide the user with an easy means of examining the 
quality of the interpolation arrays that have been defined in the first phase of INTERP 
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The determination of interpolated motion introduces another local axis system called 
the local aerodynamic axis system. This system may have its origin at a different 
location with respect to the local structural axis which was used to develop the SA 
arrays, but it is required that the Euler triad used to describe the orientation oi the 
local structural axes must also apply to the local aerodynamic axes. The location of the 
local aerodynamic axis system is defined by inputting the reference axis system 
coordinates of the origin of the local aerodynamic axis system (card set 24.0). The 
capability exists to shift the aerodynamic axis system with respect to the local 
structural axes. Card set 24.0 contains the variables XSH and YSH. These variables are 
the amount of shift between the desired final aerodynnmic axis location and the location 
oi the aerodynamic axis used for input. The values are measured in the local structural 
axis system. Figure 14 illustrates the use of the shift capability. 
Figure 14. -Aerodymm;c Axis Shifting 
All output points that can be defined with the same local aerodynamic axis system may 
be considered as one set of data The set grouping of output points can be independent oi 
the surface grouping used in forming the SA arra.ys. Thus a set of output points may 
use ma&than one set of surface data. Take. for example, a wing having a moving 
control euriace as shown in figure 15. The desired output points can be regarded as one 
set of data. yet two SA arrays may have been used to define the interpolation 
coeilicients (see parent suriace concept of section 4.5). The criterion ior using SA arrays 
from different surface grouping8 for one set of output points is that the SA arrays must 
have been formed using the same structural axis system. For surfaces having more than 
one SA array. only the first SA array for the suriace will be used. All others are 
ignored. 
30 






Figure 15. - Wing With Control Surface 
The number of modes used for a set of output points may be less than or equal to the 
number used to form the SA arrays. If multiple SA arrays are used, the analyst can 
designate the number of modes to use, or elect the default option, in which case the 
total number of modes used will be taken from the first SA array encountered. 
The user also has the option to rotate the interpolated motion to an orientation different 
from the surface orientation. The rotation is a simple dihedral rotation (fig. 16). This 
capability is useful when determining the normal motion on the panels of an 
interference body. The motion of the body, which is usually defined on the body’s 
centerline, can be interpolated to the desired panel locations and then rotated into the 
normal of the panel. Each point in the output set may have a unique rotation, or one 
dihedral correction may be used for the entire set. This dihedral correction is given by 
equation (9), with the dihedral correction angle defined as 
where: 
y, = The local surface dihedral angle 
7n = The unit normal orientation with respect to the z reference axis 
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(Note: y, is a 
negative value) 
YQ 
6, = desired normal displacement 
Figure 16. - Output Dihedral Correction 
5.3 PROGRAM OVERLAY STRUCTURE 
The L215 (INTERP) program is structured as an overlay system (see fig. 171, that 
carries out the execution in two phases. The (0,O) L215 and (1,O) INTERP overlays drive 
these two phases by calling into execution the secondary overlays requested by the user 
via card input data. 
Phase I - Generate SA Arrays 
Overlay(l,l) RDEDIT Read and edit input data 
Overlay (1,2) BEAM Beam spline SA generator 
Overlay (1,3) MOTA Motion axis SA generator 
Overlay (1,4) MOTP Motion point SA generator 
Overlay (1,5) POLY Polynomial SA generator 
Overlay (1,6) SURF Surface spline SA generator 
Overlay (1,7) RESULT Save SA on SATAP 
The (1,l) overlay RDEDIT reads and edits the card input data describing the 
formulation of SA arrays. Also, RDEDIT reads from user-specified files the nodal 
locations and modal displacements (translations and rotations). All of the edited input 
data is written onto the L215 (INTERP) scratch random file named SCRAND. 
Next, the appropriate SA generation overlay is called. It reads the input data from 





IMTAP Card sets 
6 through 21 I I -* Q IOPTP. 
(L215,1,2) BEAM 
(L215.1.3) MOTA 




: ;L;;;;;;5) POLY 1 
Figure 17. - Overlay Structure and input/Output Files 
Finally, the (1,7) overlay RESULT reads the single freedoms ($I’~), nodal locations, and 
SA array from SCRAND and writes them onto the tile SATAP. 
Phase II - Determine Modes at Control Points 
The (1,lO) overlay INTEMD is called only when the user requests that mode shapes be 
found for specified control points. INTEMD reads the control point locations (from cards 
or a user-specified file) and the proper SA array from SATAP. It performs the 
interpolation using the SA array and writes the final output mode shapes on the tile 
MOTAP. 
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6.0 COMPUTER PROGRAM USAGE 
6.1 MACHINE REQUIREMENTS 
The machine requirements for an execution of the modal interpolation program 
L215 are: 
Card reader To read control cards and card input data 
Printer To print the input data, standard output results, and diagnostic 
messages 
Disk storage All magnetic files not specifically defined as magnetic tapes are 
assumed to be disk files 
Tape drive For “permanent” storage of data on magnetic files, which are copied 
to and from magnetic tapes with control cards before and after 
program execution 
6.2 OPERATING SYSTEM 
L215 is written in FORTRAN for CDC 6000 or CYBER equipment. It may be compiled 
with either RUN or FTN compilers. It will run under the KRONOS 2.1 or NOS 
operating systems. 
6.3 CONTROL CARDS 
The following control cards are used to retrieve the absolute binary file from a master 
tape and execute the L215 program. 
Job card 
Account card 








Save any required output file 
EXIT. 
DMP(0, maximum field length) 
End-of-record 
$INTErpolation initialization card 
Required data cards 
$QUIT terminating interpolation data 
End-of-file 
6.4 RESOURCES ESTIMATES 
Field Length 
The field length required by L215 is dependent upon the problem size and the method of 
interpolation used. Core size must be requested for the largest module to be run. For a 
crude estimate, table 3 shows the field length required to run a set of sample problems. 
A more accurate field length estimate can be calculated by the equation below: 









RDEDIT has a value of: 
RDEDIT 
1 Normal modes 
= 753008 + maximum Rigid surface 
of options used Parent surface 
where: 
Normal modes = NNODES*NTMODE + NRPHI*NCPHI 
Rigid surface = 6*(NNODES*NMODRS) + 12*NNODES + NNODES*NTMODE 
Parent Surface = 3*(NNODES*NTMODE) + 12*NNODES + NSAE 
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Table 3.-Sample Problem Size and Resources Used 
I 
TEST CASE NUMBER NUMBER SIZE MODE SHAPE METHOD FIELD LENGTH CP RESIDENCE 
NUMBER OF NODES OF MODES OF ROW COLUMN USED SECONDS SECONDS 
1A 4 3 4 3 BEAM SPLINE 756008 2 .04 
1B 3 3 3 3 MOTION AXIS 756008 2 .12 
1c 1 5 3 3 MOTION 
POINT 
756008 2 .06 
1D 3 POLYNOMIAL 756008 2 .06 
1E 4 4 4 3 SURFACE SPLINE 756008 2 .12 
3 34 11 102 8 MOTION AXIS 776008 12 .42 
4 34 5 102 3 MOTION AXIS 763008 6 .20 
Y 
and: 
NNODES = Number of nodes 
NTMODE = Number of modes 
NRPHI = Number of rows in the input mode matrix 
NCPHI = Number of columns in the input mode matrix 
NMODRS = Number of rigid surface modes 
NSAE = Number of element in the SA array (see below) 
METHOD has a value that is a function of one of the five methods used: BEAM 
SPLINE, MOTIONAXIS, MOTIONPOINT, POLYNOMIAL, or SURFACE SPLINE. 
Values are given below: 
BEAM SPLINE = 526008 + 3*(NNODES*NTMODE) + 6*NNODES + NSAE 
MOTIONAXIS = 540008 + 3*(NNODES*NTMODE) + 6*NNODES + NSAE 
MOTIONPOINT = 475008 + 6*(NNODES*NTMODE) + 3*NNODES + NSAE 
POLYNOMIAL = 470008 + ((IORD+l)*(IORD+2))/2 + 30 + NSAE 
SURFACE SPLINE = 515008 + (NNODES*NTMODE) + 3*NNODES + NSAE 
where NSAE, the number of element in the SA array, is given below for each method: 
Beam spline 
NSAE = 17 + 6*NNODES + MAX0(8*MAXPTS,13*NBEAM) + ((INDC + 
3)/2)*2*NNODES*NTMODE 
For MAXO(A,B), use the larger of the two arguments. 
Motion axis 
NSAE = 9 + lO*NDEF + NNODES + 6*NNODES*NTMODE + 3*NTMODE 
Motion point 




NSAE = 8 = NTMODE*((IORD + l)*(IORD + 2))/2 
Surface spline 
NSAE = MAX0 (Fl,F2) 
with Fl = 17 + 2*NNODES + (NNODES + 3)*(NTMODE + 2) and 
F2 = (NNODES + 3)**2 + (NNODES + 3) 
where: 
NNODES = Number of nodes 
NTMODE = Number of modes 
MAXPTS = Maximum number of points per beam 
NBEAM = Number of beams 
INDC = Indicator for freedoms 
= 0, TZ only 
= l ,TZandRX 
= 2,TZandRY 
= 3, TZ, RX, and RY 
NDEF = Number of definition points 
IORD = Order (degree) of polynomial 
INTEMD, used only when interpolated output is requested, has a value as follows: 
INTEMD = 714008 + 5*NOUTL + 3*(NOUTL*NTMODE) + NSAE 
where NOUTL = number of output locations. 
Note: The numbers computed from the given equations must be converted to an octal 
base number before adding to the program field length to find the required field 
length 
Time Estimate 
The central processor time required to run the program ia dependent upon the problem 
size. The total time estimate would be the sum of the estimates for all surfaces. For a 
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single surface, IS, the time estimate in seconds should be: 
CPIs = 2 + (NMODES*NNODES)/ lOo 
where: 
NMODES = Number of modes 
NNODES, = Number of nodes defining the surface 
Printed Output 
The printed output line limit is set to 40 000 lines at compilation time. This should be 
sufficient for any L215 program execution. The average line count is about 1200 lines. 
6.5 INPUT DATA 
The input data media used in the L215 program consist of cards and magnetic files. The 
card input data is described in section 6.5.1 and the magnetic tile input data is 
described in section 6.5.3. 
6.5.1 Card Input 
All related blocks of card input data will be introduced, and in some cases terminated, 
with keywords located in the first ten characters of a card. In general, only the first five 
characters of the keyword will be checked to determine which block of data is to be 
read. The values of variables associated with the keyword will be read in fixed field 
formats either on the same card as the keyword or on the card(s) following. Unless 
otherwise noted, all variables appearing on optional cards will assume their default 
values if the card is omitted. 
The special character “$” is used to denote program directive cards that begin and end 
L215 data ($INTE and $QUIT) and bracket data for the two phases of this program 
@SURF-$END and $MODE-$END). 
Note: All underlined capital characters contained in the keyword or variable fields of 
the card descriptions must be left justified and punched in the card columns 
designated in the columns field of the card set. 
Figure 18 provides the overall picture of the card input data flow. Following figure 18 is 
a detailed description of each card set. 
Card Set 1.0 - Modal Interpolation Card 
KEYWORD/ 
COLS. VARIABLE FOP&G'? DrSCRIPTIOX 
___ ..- .._..._~ _- - - ---- -=I -~----- __ - 
l-10 $INTErpola Al0 The SI:lTErpolation card indicates that the data following 
is for the modal interpolation program. This card must be the 
first card read by the modal interpolation program. 
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(Rcoeat card set 5.0 throurfi 21 .O 
for each swtaccl 
Figure 78. - Input Card Data Flow 
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a.2 I Mapping values 
COMBINE0 




One of these 
must be 
specified 




Figure 18. - (Concluded) 
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Card Set 2.0 - Data Case Labeh 
Card 2.1 - Job Title (Optional) 
The title card may appear anywhere before a keyword. Up to four title cards appearing 
after the $INTErp card will be stored in core for page headings on printouta. 
Card 2.2 - Comment Card (Optional) 
Comment cards may appear anywhere in the card input data stream except where data 











i(eyword for conment card. 
MOTE: A  blank ir. column 2 must follow the C in column 1. 
- -. --------- 
Comments will appear in the printed output as they are read. 
They are not treated as data. 










Keyword indicating the SA array tape name. 
Name of the tape on which the SA arrays will be written, 
or on which they are already written. 
(Default = SATAP) 
NOTE: Input tape with SA arrays is needed when generat- 




If SA arrays are already generated and only output mode shapes are required, go to 
card sot 22-O. 













Keyword specifying the number of output modes. 
- .- 
Total number of modes (columns) which will be used for 
in F;enerating the SA arrays. 
(Default: :CTYODE = 1) 
Note: The maximum number of modes must be determined in conjunction with the 
number of nodes used on a surface NNODES (card 8.1) and the interpolation 
method chosen for the surface. The only size restriction is that the SA array for a 
surface cannot exceed 10,000 words. SA array size calculations are given in 
section 6.4. 
Repeat card sets 5.0 through 21.0 for each surface. 
Card Set 5.0 - Surface Definition 
l-10 SSURF~C~ A13 Keyword introducing the block of data that defines a 
SUrfCiCe. 




*Used to aid in the identification of the surface (e.g. wing, vertical tail, fuselage, etc.) 
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Card Set 6.0 - Surface Transformation Data (Optional) 
If the surface’8 local axis system coincides with the reference axis ayetem, then this card 
&may be omitted. The default values for all variables on card 6.2 are zero. 
Card 6.1 - Transformation Data 
*See the aample problem input data listed in section 7.0, 
If POLYNOhfIAL method selected (card 8et 18.01, skip to card aet 14.0. If any of the 
other four methods are aelected, continue with card set 7.0. 
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Card Set 7.0 - Nodal Data 
Card 7.1 - Definition of Nodal Coordinate Data 
Card 7.2 - Nodal Data on Cards 
Read this card if columns 21 through 30 contain keyword CARD on card 7.1. Repeat this 
cud NNODEI times. one card for each nodes 
Card 7.3 - Nodal Data on Tape 
Read this card if columns 21 through 30 contain keyword Ta on card 7.1. 
Card Set 8.0 -Input for Node Reordering (Optional) 
Reordering may be used to change the order in which the nodes will be used in forming 
the SA array from the order in which they were used in calculating the modes shapes 
(e.g. change body node order fium aft-to-nose to nose-to-aft or wing node order from 
tip-to-root to root&-tip). Aleo, nodes may be eliminated with this option. 
Card 8.1 - Mapping of Coordinates 
If nodes are input in sorted form these cards are not needed. 
49 
Card 8.2 - Mapping Values 
Repeat this card (at 14 entries per card) until all NNODES nodes have been reordered. 
Card Set 9.0 - Scalars For Sorted Freedoms 
Note: This card is used to change the sign of the sorted freedoms that will be used to 
form the SA array8. The sorted input data that ia written on the SA array tape 
will not be changed. Dependent surface scalar values must be the same as parent 
surface scalar values. 




















Keyword introducing the modal input. 
Optional keyword indicating that mode'thaperaretobe 
generated from a previous (parent) surface. If nodal 
input is from external data, this field is left blank. 
The surface number of the parent surface fron iihich nodal 
data will be generated. 
NOTE : I ISUW must be less than ISURF found or. the 
$SUP.FACE car? for this surface. 
(Default: No parent surface) 
Note: Card set 10.0 is followed by card sets 11.0, 12.0, and 13.0. The user has the 
capability of inputting modes in any combination of the following three forms: 
1. Card set 11.0 is the most general form. A single modes matrix contains all the 
local motions. It is sorted and grouped into single freedoms by the mapping 
cards. 
2. Card set 12.0; each matrix is already in single freedom groupings and may be 
sorted by the mapping card. 
3. Card set 13.0; the modes matrix is generated from the definition of a rigid 
surface. 
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Card Set 11.0 - Modal Datm in Combined Freedom Foim (Optional) 
Card 11.1 - Combined Freedom Input Definition 
KEYWORD/ 
COLS. VARIABLE FOFXAT DESCRIPTION 
l-10 coW.Ined Al9 Keyword indicating modal data being input in combined 
freedoms form. 
11-20 FROM 10X Descriptive word (optional). 
21-30 CARD 
I3 
A10 Keyword indicates nodal data read from CARD or TAPE. -- 
TAPE 
31-35 NROdCM / 15 Row size of combined modes. 
36-40 XCOLC?l 15 Colurm size of combined modes. 
41-45 ISICM 15 Starting column of input modal matrix from which modes 
will be picked up. 
46-50 ISOCM 15 Starting column of output single freedom matrices into 
which modes will bo sorted. 
51-55 !~MODCI.l 15 Xumber of columns to use from the inout nodes starting 
at ISICM. 
Note: NROWCM will usually be equal to NNODEI (card 7.1), but it‘ is not requried to 
be the same. NCOLCM may be equal to, greater than, or less than NTMODE 
(card set 4.0). In this way, modal freedoms may be added or deleted. 
Card 11.2 - Combined Freedoms From Cards 
Read this card if columns 21 through 30 on card 11.1 contains the keyword CARD. 
Repeat this card NROWCM times. 
KEYWORD/ 
COLS. VARIABLE FORNAT D'SCRIPTI3N 
l-70 'O"I,J 7ElO.O Node s!lapes read in by roxs. Each row begins a new card. 
(COY1 J , J = 1, .uCOiC.\r) 
(I = ~,NR~wCM) 
62 
Card 11.3 - Combined Freedoms on Tape 
Read this card if columns 21 through 30 on card 11.1 contain the keyword TAPE. 
KEYWORD/ 
COLS. VARIABLE FORMAT DESCRIPTIO?I 
l-10 IMTAP A7.3X 4ame of tape containing the combined freedom modal matrix. 
The tape name must begin with an alphabetic character and 
must be no more than 7 characters. 
11-15 IMFP 15 The logical file number on IMTAP where the combined freedom 
matrix resides. 
(Default: IYFP = 1) 
16-20 IMMP 15 The matrix position no. in the IXFP file where the modal 
matrix is found. 
(Default: IXMP = 1) 
Repeat this case for all single freedoms desired. 








VARIABLE FC)RMAT DESCRIPTION 
_ ~. ._-._- .--- -- 
MAPaa A10 Keyword indicating into which freedom (i.e., translation 
X, y or z; or rotation bx, By, ez) the selected rows of 
the input modal data will be placed. 
J-1 1215 Row number of the combined freedom matrix that shall be 
placed in the Ith row of the desired single freedom matrix 
(I = 1, NXODES) 
NOTE : If more cards are needed, the format for succeeding 
cards is 13X, 1215. 
-.. - -. ._ 
ae characters aa will be equal to one of the following pairs of characters, 
depending upon the freedom being sorted. 
aa=TX,TY,TZ,RX,RY,orRZ 
Cud Set 12.0 - Modal Data in Single Freedom Form (Optional) 
Cards 12.1 through 12.4 are repeated for each single freedom selected. 
Card 12.1 - Single Freedom Input Definition 
1 15 51-55 1 NMODaa* 
DESCRIPTIOX 
Keyword indicating to which single freedom the modal data 
helonqs. 
Descriptive word (optional) 
Keyword indicating modal data read from CARD or TAPE. -- 
Row size of single freedom matrix. 
Column size of single freedom. 
Starting column of input single freedom matrix from which 
modes will be picked up. 
Starting column of output single freedom matrix into which 
modes will be placed. 
Number of columns to use from the input single freedom 
matrix starting with column ISIaa. 
*The characters aa are the same as those specified in keyword aa. 
Card 12.2 - Single Fredoms on Cards 
Read this card if columns 21 through 30 on card 12.1 contain the keyword CARD. 






Card 12.3 - Single Freedoms on Tape 
Read this card if cohmms 21 through 30 on card 12.1 contain the keyword TAPE. 
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Card 12.4 - Mapping of Single Freedoms (Optional) 
Note: The characters aa refer to the freedom being sorted and represent one of the pairs 
of letters TX, TY. TZ. RX, RY, or RZ. If mode shape8 are input in single freedom 
format and this card is omitted, the modal data will be used in the order in which 
they are read. 
Card Set 13.0 - Rigid Surface Mode (Optional) 
Card 13.1 - Definition of Rigid Mode 
Card 13.2 - Hinge Line Definition 
Repeat this card NMODRS timea. 
Card Set 14.0 - Selection of Freedoms for SA Array 
Repeat this card for each SA array for this surface. 
Note: Beam spline - 1 to 3 freedoms may be specified; there must be one translation 
and zero, one, or two rotations. 
Motion axis - 3 freedoms must be specified; one translation and two rotations. 
Motion point - 1 to 6 freedoms; (note: for DYLOFLEX usera. only 3 freedoms may 
be used. one translation and 2 rotations.) 
Surface epline - 1 freedom; one translation which is normal to the surface. 
Polynomial - no modal input required. 
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Only me of the card setn 15.0 through 19.0 may be specified 
Card Set 15.0 - Beam Spline Method 
Card 15.1 - Beam Spline Interpolation Scheme 
Card 15.2 - Beam Node Selection 
Repeat this card NBEAh4 times. (I = 1, NBEAM) 
- 
card set 16.0 - Motion Axis Method 
Card 16.1 - Motion Axis Interpolation Scheme 
DESCRIPTION 
Card 16.2 - Definition Point Data 















----. -. - -.. - -- .-. 
DESCRIPTI3U 
X and Y coordinates (local axis system) of the motion axis 
definition points. 




Card Set 17.0 - Motion Point Method 
DESCRIPTION 
Keyword indicating the Motion Point interpolation scheme 
to be used. 
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Card $let 18.0 - Polynomial Interpolation Method 
Card 18.1 - Polynomial Interpolation Scheme 
Card 18.2 - Polynomial Coefficients 
Repeat this card NTMODE times (card 4.0). 
KEYWOPD/  
COLS. VARIABLE FOR!%AT DESCRIPTION 
l-70 CI 7ElO.O Polynomial Coefficients where (I = 1. XPCOEF) 
XPCOEF = (IORD+l)'(IORD+2) 2 
Example: 
IORD = 0 coef read COO 
for 6z(x'Y) = coo 
IORD = 1 coon ClQ. co1 
Bz(X,Y) = coo + CIOX + CQlY 
Cud Set 19.0 - Surface SpIine Method 






DESCRIPTION - ~- 
Keyword indicating that the surface spline interpolation 
scheme to be used. 
-__ .~ 
Smoothing Indicator (Seerec.4.4.4) 
= 0, no smoothing 
= 1, a smoothing value applies to all points 
= n, n = the number of smoothing values to use (one for 
each node on planform) 
Card 19.2 - Smoothing Values 
Read thie card only if NSMTH > 0. 













Keyword indicating print option is chosen. 






SP  array 
Sorted nodal locations [X,Y,Z 1, 
Sorted single freedom matricies 
CT~~.~TY~.CTZ~.CRX~.CRY~,CRZ] 
*These keywords may be ueed in any combination. 
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Card Set 21.0 - End Surface 
KEYWORD/ 
COLS. VARIAEILE FOR'UT DESCRIPTIO:l  
Keyword indicating the end of t!le ;l-10, I= IAl9 Idata. Ith surface interpolation __ 
Repeat $SURFACE (card set 5.0) through $END (card set 21.0) for each surface. 
This begins the second phase of the Interpolation Program. Displacements and slopes 
are generated at given aerodynamic control points. Skip to card set 28.0 if second phase 
is not desired. 
Card Set 22.0 - Modal Output Tape Option (Optional) 
rO@.MAT 3ESCRIPTIO:i 
IAl0 I -1 Keyword indicating the output will be saved in tape. 
A7.3X Tape name wnere the interpolated notion 
1 t[6zl. [d6=/dx]. [dgz/Cy]) will be saved. 
(Default: IMOTP = '10DEO) 
:Jame must begin with an alphabetic character and must not 
be greater than 7 characters. 
Card Set 22.0 - Interpolation 
Repeat card sets 23.0 through 27.0 for each set of output points for which 
interpolated motion is desired. 
Ill-20 1 IDM ! A10 
121-25 1 NTMODE , I5 
DESCRIPTION 
Keyword indicating the block of input data reqilired for 
calculating interpolated notion. 
Mnemonic identification of this set of interpolation data. 
;Jumber of nodes to pick up from the 5A arrays which will 
be used for determining the motion at the aerodynamic control 
poir.ts. 
(Default: Total modes as read from first SA  array used.) 
Note: A set of output points may u8.e more than one SA array. It is only required that 
all output points in a set have the same local aerodynamic axes. (See section 5.2.) 

























Pl 0fCsct of t9e acrodynasic surf3cc ir. t'lo local 
Lly J (structurallsurfacc axis. 
--..- 
Card Set 25.0 - Definition of Output Locations 






















Card 25.2 - Output Locatione on Card13 
Read thie card if columns 21 through 30 on card 25.1 contain keyword CARD. &peat 













X, Y, and 2 coordinates for the Ith output point. 
15 surface number (SA array) where output point is located. 
--+ 5X 
E1O.O Local orientation of normal component in radians. 
(Measured from reference axis system) 





Card 26.3 - Output Locations on Tape 












15 Dihedral rr~nlx Irdkwx 
DESCRIPTION 
Name 05 the tape containing the output point locations. 
Tape name must beqin with an alphabetic character and must 
contain no more than 7 characters. 
The file position number on IOPTP where output point data 
is found. 
(Default: 1) 
llatrix position number in the IOPFP file where output pain, 
lata is found. 
(>efault: 1) 
- 0, I)O mmhlx .t dlhadr~l~rqln wlllb* rad 
- 1, Mtrlx of dihdralwgla will be rrd followlnp 
matrbl ofo"tartloutlo"l 
Card 25.4 - Surface Indicators 
KE;NOR;; 
VARIABLE 















Keyword indicating nlatricies to be printed. 
List of keywords in any order indicating the matrices to be 
printed. 
Keyword Matrix printed 
SA SA array(s) used to generate output mode 
shales. 
FlOD Interpolated output mode shape matrix 
with output locations. 
‘These keywords may be used in any combination 
Card Set 27.0 - End Output Seh 
Keyword indicates the end of the It.. 
Repeat $MODE (card set 23.0) through $END (card set 27.0) for each set of output 
points desired. 
Card Set 23.0 - Program Terminbor 
Keyword indicating the last data for the interpolation 
Requirements or Function Keywords and/ or Variables 
Reference 
Card Format Card Set(s) I 
$INTErpolation I A10 I I 1.0 
) Job title (optiona)) 1 TULE 1 A10,7AlIl 1 2.1 I 
1 Comment Card (optional) IL 1 A2,8X,7AlO 1 2.2 I 
Definition of magnetic file on SATAPe ISATP 
which SA arrays will be written 
or read. (Optional) 
1 AlO,A7,3X 1 3.0 / 
Total number of yndes to use- 
fa interpolation (optional) 
If SA arrays have already been generated, and only output shapes 
are required, go to card set 22.0. 
TMODE NTMOOE A10.15 4.0 
Repeat card sets 5.0 through 21.0 for each surface. 
Surface definition mace ISURF blanks IO A10.15 5.0 
5X.AlO 
Surface transformation data 
(Optional) 
mformation data A10 6.1 
Transformation data (required 
if card 6.1 is used) 
XR YR ZR XRANG YRANG ZRANG ORDER aaa 6ElO.O.AlO 6.2 
If POLYNOMIAL method is selected, skip to card set 14.0 
Definition of nodal 
coordinate data ss read from [g) (&kence] NNODEI blanks [w) / fi5~~~"~l'Fl"*/ 7.1 1 
Repeat card 7.2 NNOOEI times, one node per card. (I=l,NNOOEI) 
Required if nodal coordinates 
read from CARD (card 7.1) 
XN, YN, ZN, RXN, RYN, RZN, 6ElO.O 7.2 
Required if nodal coordinates 
read from TAPE (card 7.1) 
INTAP INFP INMP I ROT A7,3X,315 7.3 
Requirements or Function 
Input for nodal mapping 
(Optional) 
Mapping values (required if 
card 8.1 is used) 
Keywords and/or Variables 
-ode NNOOES 
IMAPNOI (I = 1, NNODES) 
Reference 




Scalars for sorted freedoms 
(Optional) 
mar SC4LTX SCALTY SCALTZ SCALRX SCP.L?Y SCALRZ A10.6ElO.P 9.D 
Modal input 
Input of modes in combined 
freedom form (Optional) 
es FROM (Optional) I ISURF 
mned from 
I-1 GE 
NROWCM NCOLCM ISICM ISOCM NMOOCM 




Required if mode shapes 
read from CARD (card 11.1 ) 
Required if mode shapes 
read from TAPE (card 11.1 ) 
CoM,J (J = 1,"ICOLCM) 
IHTAP IMFP If+lP 
7ElO.O 11.2 
A7.3X.215 11.3 
Note: The characters aa are used to refer to the particular 
freedom of interest. 
aa = TX, TY, TZ, RX, RY, or RI 
Mapping of combined freedoms. 
Required if modes are input 
in combined freedom form 
MAPaa JaaI (I = l,N;H?OES) 1' AlO, 1 11.4 ( 
tlote: If additional cards are needed for the row desiqnation 
variables JaaI. the format for succeeding cards is 10X,1215. 
Card11.4 is repeated for each type of freedom that is selected 
from the combined modes. 
r I I IReference 1 
1 Requirements of Function Keywords and/or Variables 1 Card Format ICard Set(s)1 
Cards 12.1 through 12.4 are repeated for each single freedom 
selected. 
Input modes in single freedom 
form (Optional) x NROWaa NCOLaa ISlaa ISOaa NMODaa 3A10,515 12.1 
read from TAPE (card'l2.1) 
Required of mode shapes 
read from CARD (card 12.1) - 
Reauired of mode shapes 
Repeat card 12.2 NROWaa times 
AI,J(J = 1,NCOLaa) 
ISTAP ISFP ISMP 




Mapping of single freedom 
(Optional) 
Rigid surface mode (Optional) 
MAPaa 
RIGID ISORS NMODRS 
JaaI 
- 
(I = 1,NNODES) 
Repeat card 13.2 NMODRS times 
AlO, 1 13.1 
A10.1215 12.4 
I I 
Hinge line definitions (required HINGE XIHL YIHL XOHL YOHL THETA IRDT A10,5E10.0,15 13.2 
if card 13.lis used) 
r ~ ~ Repeat card set 14.0 for each SA array desired for this surface I 
Selection of freedoms for 
SA array 
SA ITX ITY ITZ IRX IRY IRZ 
Only one of the card sets 15 through 19 may be specified 
Selection of BEAM SPLINE 
method 
DEAMspline NBEAM - A10.15 15.1 
Selection of beam nodes 
Repeat card 15.2 N&AM times (I = 1,NGEAM) 
NPBl IEXTRPI IPI J (J = l.NPI$) 
Note: If more cards are required for IPI J variables, the format 
is 10X,1215 
215.1215 15.2 
Selection of MOTION AXIS 
method 
MOTIONAxis NDEF IORIEN A10.215 16.1 
I 
Requirements or Function Keyword and/or Variables 
Reference 
Card Format Card Set(s) 
Repeat card 16.2 NDEF times (I = 1,NDEF) I 
I 
Axis definition point data XRL, YRL, DYDXRL, 3ElO.O 16.2 
/ Selection of MOTION POINT 
/ method 
I 





Repeat card 18.2 NTMODE times (card set 4.0) 












(Dnlv if NSMTH > 01 
SMTHI (I = 1,NSMTH) 7ElO.O 19.2 
Print options may appear in any order on card set 20.0 
Print option selection A10,3AlO 20.0 
End of surface data I A10 21.0 
4 
0 
Requirements or Function Keyword and/or Variables 
Reference 
Card Format Card Set(s) I 
Omit card sets 22.0 through 2i.0 if interpolated mode shapes 
are not desired. 
Ou,t$ut motion to be saved 
on magnetiefileional) I- 
MOTAPe IMOTP AlO,A7,3X 22.0 
I Repeat card sets 23.0 through 27.0 for each set of output points I 
Keyword indicating set of input 




AEROT AEROX AEROY AEROZ XSH YSH A5,5X,5ElO.O 24.0 
Definition of output locations OUTLO read from (@ &;,,,,] NOUTLO INDD INDG / 4A10.315 / 25.1 / 
Repeat card 25.2 NOUTLO times, one card for each output node 
(I =  l.tUlUTLO) i 
Required if output 
locations read from CARD 
(card 25.1) 




Required if output locations 
read from 'IAPE (card 25.1) - 
IOPTP IOPFP IOPMP IGAM A7,3X,315 25.3 
Required if output locations 
read from JAPJ (card 25.1) ISI 
(I =  1,NOUTLO) 1415 25.4 ( 
Print options may appear in any order on card set 25.0. 
Print Options 
End of output set 
Program terminator 
PRlNT A5,5X,3AlO 26.0 
SEND A10 - 27.0 
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6.5.3 MAGNETIC FILE INPUT 
The matrices on magnetic files must be written in the READTPmTETP format 
(ref. 1). There are six types of matrices the user may input from magnetic file: combined 
freedoms, single freedoms, input node locations, nodal orientation angles, output 
locations of aerodynamic control points, and unit normal orientations. The use of 
magnetic files for input depends upon how the six types of matrices are specified in card 
input data (cards 7.1, 11.1, 12.1, 25.1) of keywords, NODES, COMBIned, TX, TY, TZ, 
RX, RY, RZ, and OUTLOcations. A keyword TAPE on these cards indicates input is 
from magnetic files. If this is the case, the magnetic file name, the file position number, 
and the matrix position number in the specified file position must be specified. Each 
input matrix may be read from a magnetic file having the same or different name. The 
L215 program will rewind the magnetic file before reading each matrix specified. 
Figure 19 describes the input files. 
6.6 OUTPUT DATA 
6.6.1 PRINTED OUTPUT 
The input data for the L215 program will be echo printed. Other printed output, all of 
which is optional, is discussed below: 
l The input mode shapes in sorted single freedoms 
l The input node coordinates and rotation angles 
l The interpolation functional coefficient matrix array 
l The output aerodynamic control point coordinates 
l The interpolated mode shapes at the aerodynamic control points 
6.6.2 MAGNETIC FILES OUTPUT 
L215 will write on as many as three magnetic files, SATAP, MOTAP, and SCRAND. 
The latter is a scratch random file. The matrices contained on magnetic tiles SATAP 
and MOTAP are written by the WRTETP subroutine, and the matrices contained on file 
SCRAND are written by WRITMS subroutine. 
SATAP 
The magnetic file name SATAP is the default name and may be changed by input card 
3.0. The matrices written on SATAP are described in figure 20. 
MOTAP 
The name MOTAP is the default name for the magnetic file produced when mode shapes 
are generated at output aerodynamic control points. The name MOTAP may be changed 




lx. v. 4 
[@#II. 91 
cl [Cl ho, WI 
or 
I_ 
[x0, yo, 201 
[Yl 
File Structure For INTAP 
A NNODEI x 2 matrix if local axis coordinates are used (card 7.1) 
A NNODEI x 3 matrix if reference axis coordinates are used (card 7.1) 
A NNODEI x 3 matrix of node orientation angles: read if IROT # 0 (card 7.3) 
File Structure For IMTAP 
A NROWCM x NCOLCM matrix of modal data which contains unsorted freedoms (card 12.1) 
File Structure of IOPTP 
A NOUTLO x 2 matrix of local axis system coordinates of the output points 
A NOUTLO x 3 matrix of reference axis system coordinates of the output points 
A NOUTLO x 1 matrix of y angles (radians) 
File Structure For ISTAP 
A NROWTX x NCOLTX matrix of modal data representing the 6, freedoms 
A NROWTY x NCOLTY matrix of modal data representing the 6, freedoms 
A NROWTZ x NCOLTZ matrix of modal data representing the 6, freedoms 
A NROWRX x NCOLRX matrix of modal data representing the ox freedoms 
A NROWRY x NCOLRY matrix of modal data representing the 6,, freedoms 








The above matrices may appear in any order (see cards 12.1 through 12.3). 
Figure 19. - input File Structures 
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Matrix size 
(NNODES x NTMODE) 
(NNODES x NTMODE) 
(NNODES x NTMODE) 
(NNODES x NTMODE) 
(NNODES x NTMODE) 
(NNODES x NTMODE) 
(NNODES x 6) 






X.Y Z.h9,JIl q* 
EOF 
ith surface 
in ith file 
, optional SA 
EOF 
‘@,6,JI are in degrees. 
Figure 20. - Magnetic File Map of SATAP 
Matrix size 
(NPTS x 3) 
(NPTS x 2) 
(NPTS x NTMODE) 
(NPTS x NTMODE) 
(NPTS x NTMODE) 
1x0, yo. ZOI * 
or I x0. ~01 p 
EOF 
jth interpolation 
in jth file 
I optional slopes EOF 
Figure 21. - Magnetic File Map of MOTAP 
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6.7 RESTRICTIONS 
The primary program restrictions are listed below: 
0 For the beam spline method, output slopes d3z/dy in the y-axis direction will 
be generated only if RX motions were specified in the SA array generation. 
0 Streamwise interpolation using the beam spline method must take place over a 
minimum of two beams. 
0 The problem size limitation is governed by the maximum size restriction of the SA 
array, which is 10 000 words. The size of the SA array is a function of interpolation 
method, number of nodes, and number of modes (see section 6.4). A guide to the 
selection of allowable input variable sizes for three methods is shown in figure 22. 
The size limitation is applied to each individual surface. 
6.8 DIAGNOSTICS 
6.8.1 FATAL ERRORS 
All fatal errors detected by the program will result in the printing of a diagnostic error 
message. These messages are self-explanatory and are of the following format. 
******** FATAL ERROR nnnnn 
DIAGNOSED WHILE EXECUTING ROUTINE name 
any additional error messages 
where “nnnnn” is the diagnostic error number and ‘name’ is the name of the 
routine in execution when the error was detected. Additional explanatory 
messages will be appended to the two standard error message lines. 
The following list is a brief description of each diagnostic error number: 
1. End-of-record card was encountered before $END card. 
2. Keyword (aaaaaaaaaa) with code number (nnnnn) is not recognized. 
3. FETAD error number (nnnnn) returned. 
Error number = 1, illegal tape name/number 
= 2, buffer too small 
= 3, maximum number of files have already been defined, 49 
allowed 
4. Method of interpolation not specified. 
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5. Number of available field length is xxxxx octal. 
Number of required field length is xxxxxx octal. 
Therefore, add the difference xxxxxx octal to your current field. 
6. Input volume (aaaa) does not equal keyword CARD or TAPE. 
7. WRTETP error number (nnnnn) returned. 
Error code = 0, No errors are detected during writing. 
= 1000+1, A forward space file error occurred, where I is the 
number of file marks remaining to be skipped when 
an end- of-information was encountered. 
=2 9 The number of matrices or tiles to be skipped before 
writing starts is less than zero. 
= 3, The dimensioned number of rows in the matrix is less 
than or equal to zero. 
= 3000+1, A forward space record error occurred, where I is the 
number of records remaining to be skipped when 
either an end-of-file or an end-of-information was 
encountered. 
= 4, The actual number of rows is greater than the 
dimensioned number of rows in the matrix. 
= 6, The number of rows (M) in the matrix times the 
number of columns (N) is greater than the buffer size. 
8. READTP error number (nnnnn) returned. 
Error code = 0, No errors are detected during reading. 
= 1000+1, A forward space file error occurred, where I is the 
number of file marks remaining to be skipped when 
an end-of-information was encountered. 
=2 , The number of matrices or files to be skipped before 
reading starts is less than zero. 
= 3, The dimensioned number of rows in the matrix is less 
than zero. 
= 3000+1, A forward space record error occurred, where I is the 
number of records remaining to be skipped when 
either an end-of-file or end-of-information was 
encountered. 
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= 4, Number of rows in the matrix is greater than the 
dimensioned row size in the program. 
= 5, The name check failed. 
= 6, The number of rows (Ml in the matrix times the 
number of columns (N) is greater than the buffer size, 
or M or N s 0. 
= 7, An end-of-file was read. If it occurs while reading the 
matrix ID, no information is stored in the user’s area. 
If it occurs while reading the matrix, the ID 
information will be stored. Note that the records will 
always be in pairs, and an end-of-file should always 
be encountered with the ID RECORD. 
9. Input matrix for (aaaaaaaaaa) row or column size (nnnnn x nnnnn) is larger than 
row or column size specified (nnnnn x nnnnn). 
10. Parent surface (nnnnn) SA array does not have degree of freedom (TX, TY, TZ, RX, 
RY, or RZ) specified. 
11. AINTL error code (aaaaaaaaaa) returned: 
Error code > 0, No error 
< 0, Error of the form lOH*nnnnnnnxx, 
nnnnnnn=routine name, xx=error no. 
= lOH*AINTL 1, Interpolation coefficient array type not 
recognizable 
12. AINTG error code (aaaaaaaaaa) retuned: 
Error code 2 0. No error 
< 0, Error of the form lOH*nnnnnnnxx, 
nnnnnnnn=routine name, xx=error no. 
= lOH*AINTL 1, Interpolation coefficient array type not 
recognizable 
13. Translation X and rotation X specified. Not legal. 
14. Translation Y and rotation Y specified. Not legal. 
15. Translation Z and rotation Z specified. Not legal. 
16. Translation X not allowed. 
17. More than one (nnnnn) translation freedom specified. 
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r  ---  
18 .  M o r e  t h a n  two  ro ta t ion  f r e e d o m s  speci f ied.  
19 .  N o  coord ina tes  to wo rk  on .  Coo rd ina tes  no t  input .  
20 .  M o r e  t h a n  o n e  ( n n n n n )  f r e e d o m  speci f ied.  
21 .  N o  f r e e d o m  speci f ied.  
22 .  I N O D F R  e r ro r  n u m b e r  ( n n n n n )  re tu rned .  
E r ro r  n u m b e r  =  1,  Input  v o l u m e  no t  spec i f ied  
=  2,  F E T A D  e r ro r  de tec ted  
=  3,  R E A D T P  e r ro r  de tec ted  
=  4,  Input  matr ix  s ize no t  va l id  
23 .  P A R E N T  e r ro r  n u m b e r  ( n n n n n )  re tu rned :  
E r ro r  n u m b e r  =  1,  R E A D T P  e r ro r  de tec ted  
=  2,  d e g r e e  of  f r e e d o m  no t  spec i f ied  
=  3,  A INTL e r ro r  de tec ted  
26 .  B E A M 1  e r ro r  c o d e  ( a a a a a a a a a a )  re tu rned ;  for  e r ro r  code ,  s e e  B E A M 1  l ist ing. 
27 .  M O T A X I  e r ro r  c o d e  ( a a a a a a )  re tu rned ;  for  e r ro r  code ,  s e e  M O T A X I  l ist ing. 
28 .  M O T P T I  e r ro r  c o d e  ( a a a a a a a a a a )  re tu rned ;  for  e r ro r  code ,  s e e  M O T P T I  l ist ing. 
29 .  P O L Y I e r ro r  c o d e  ( a a a a a a a a a a )  re tu rned ;  for  e r ro r  code ,  s e e  P O L Y I l ist ing. 
30 .  P L A T E 1  e r ro r  c o d e  ( a a a a a a a a a a )  re tu rned ;  for  e r ro r  code ,  s e e  P L A T E 1  l ist ing. 
31 .  N u m b e r  of  S A  a r rays  for  this sur face  is g rea te r  t h a n  six. 
32 .  N u m b e r  of  b e a m s  ( n n n n n )  is less t h a n  two. 
33 .  O r d e r  of  po l ynomia l  is less t h a n  zero .  
34 .  T rans la t ion  f r e e d o m  no t  speci f ied.  
35 .  Rota t ion- t rans la t ion  o r d e r  ind icators  no t  X , Y , o r  Z. 
7 6  
36. GENMOD error number (mm”“) returned: 
Error number = 1, READTP error while reading SA array 
= 2, AINTLerror 
= 3, AINTGerror 
= 4. WRTETP error while writing geometry 
= 5, WRTETP error while writing Z 
= 6, WRTETP error while writing DZl 
= 7, WRTETP error while writing DZ2 
37. Rotation order X,Y,Z not specified correctly (aaaaaaaaaa) 
6.8.2 WARNING MESSAGES 
All warning messages will be self-explanatory and printed in the following format: 
******** WARNING MESSAGE nn 
DIAGNOSED WHILE EXECUTING ROUTINE name 
any additional warning measagea 
where “nn” is the warning message number and “name” is the name of the routine in 
execution when the warning was detected. Additional explanatory messages will he 
appended to the two standard warning message lines. 
The following list is a brief description of each warning message number: 
1. End-of-record card encountered before $END card. The SEND card is assumed 
2. The maximum number of TITLE cards has already been read. The above card is 
treated as a comment. 
3. Parent surface number (nnnnn) ia greater than or equal to current surface number 
(nnnnn). Parent surface modes are not calculated. 
4. Input matrix for (aasaaaaaaa) row or column size (nnnnn x nnnnn) does not equal 
row or column size specified (nnnnn x nnnnn). 
79 
7.0 SAMPLE PROBLEM 
7.1 DESCRIPTION OF SAMPLE PROBLEM 
The sample problem used here consists of a high aspect ratio wing that has three 
movable contml surfaces (fig. 23). Eight vibrational mode shapes were calculated using 
an elastic axis idealization. To the basic set of freedoms, three control surface rotation 
freedoms were added. The motion axis interpolation method was used for all surfaces. 
The mode shapes were defined at 34 node points where coordinates were input in the 
reference axis system. Nodal locations were on tape and were in a tip to root order. 
Mode shapes for the parent surface (main wing surface) were on tape in a combined 
freedom format. Three freedoms per node were generated (6,. 8,. By). Input modes were 
defined parallel and perpendicular to the motion axis. 
The parent surface motion axis was defined with eleven motion axis definition points. 
The hinge lines were used for the motion axe8 of each control surface. 
A total of 36 output points were read from cards in the local axis eystem coordinates. 
The local aerodynamic and local structural axes are the same. Output motions 
requested were surface vertical translations (6,). slope parallel to the freestream 
(ds,/dx). and slope perpendicular to the freestream (dfi,/dyi. 
Boeing Commercial Airplane Company 
P.O. Box 3707 





I Local y axis. 100 in. 
‘Q ,, 2 
4 6 3 
- VP 
I I -YR-e XR--J---- 
Figure 23. - Sample Problem 
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INPIJI MOOE SHAPES ROTATION - * 
1l lOOF ZMOOF 3M03E 4rnat 5moE 0ClOl-S 140DE 8MOOi 


































l .OOOE+OJ 9.212E-05 ?.831E-05 -1. ?7RF-05 -5.43RE-05 -4.739E-06 1.326E-05 
1 .OOOE+OO 9.04bE-05 2.715E-05 -8.669E-Ob -5.449F-05 -1.1&E-05 Z.ZTCE-05 
l.ooof*oo 8.929E-05 2.624E-05 -S.B39E-06 -5.384E-05 -l.b67E-05 2.893E-05 
1.000E*00 1.73bF-05 2.473E-05 -l.lBlE-06 -5.264E-05 -2.457E-05 3.905E-05 
1.728E-01 l.O46E-04 -1.105E-06 -4.829E-05 2.653E-04 4.OE3E-05 -7.206E-05 
8.?28E-01 l.O13E-04 -5.199E-05 -1.9llE-05 5.lbBE-04 -2.974E-05 9.778E-06 
O.tZIE-01 9.94lE-05 -7.b29E-05 -3.269E-06 6.559E-04 -b.BObE-05 5.428E-05 
.5.728E-01 9.633E-05 -l.l65E-04 2.269E-05 8.814E-04 -1.2 6E-04 l.l57E-04 
&728E-01 8.904E -05 -Z.lllE-04 LfbOE-05 1.4OlE-03 -2.634E-04 2.630E-04 
7.994E-01 l. lbOE-04 -3.418E-04 9.851E-05 Z.ZOOE-03 -3.119E-04 3.906E-04 
?.994E-01 l. lWE-04 -3.84lE-04 l.l7bE-04 2.43lE-03 -4.193E-04 4.392E-04 
T.PWE-01 1.317E-04 -5.938E-04 Z.llZE-'34 3.552E-03 -6.371E-04 6.42TE-04 
7.994E-01 1.412E-04 -7.469E-04 2.795E-04 4.370E-03 -1.9blE-04 7.912E-04 
1.994E-01 1.4bSE-04 -8.316E-04 3.161E-04 4.82lE-03 -8.767E-04 I.hOZE-04 
7.994E-01 1.509E-04 -9.003E-04 3.448E-04 5.177E-03 -9.342E-04 9.052E-04 
1.994E-01 1.59lE-04 -9.957 E-04 3.85PE-04 5.05?E-03 -8.908E-04 li.526E-04 
7.994E-01 1.735E-04 -l.l65E-03 C.bOOE-34 4.810E-03 -B.l14E-04 7.613E-04 






































































1.994E-01 2.073E-04 -1.550E-03 6.23bE-04 4.199E-C3 -6.292E-04 5.429F-04 
?.994E-01 2.34lE-04 -1.852E-03 7.444E-04 3.632E-03 -4.467E-04 3.377E-04 
1.994E-01 2.64bE-04 -2.1110E-03 a.lbZE-C4 3.013E-C3 -2.4aZE-04 l. lCTE-04 
7.994E-01 2.935E-04 -2.489E-03 9.919E-04 2.392E-03 -6.550E-05 -B.b14E-!I5 
7.994E-01 3.56IE-04 -3.153E-03 1.251E-03 l .O94E-03 3.345E-04 -5.039E-04 
7.994E-Oi 3. IAE-04 -3.3llC-03 1.3JCE-03 5.491E-04 4.654E-04 -6.404E-04 
8.026E-01 4. LlIE-04 -3.785E-03 1.41aE-03 -3.414E-04 6.0596-04 -a.TlZE-04 
8.026E-01 4.6&E-04 -4.343E-03 l.b19E-03 -1.575E-03 9.bllE-04 -l.lllE-03 
O.OZbE-01 4.698E-04 -4.36lE-03 1.690E-03 -l.bllE-03 9.636E-04 -1.374E-03 
a.OZbF-01 4.103E-04 -4.3ltE-03 l.bPPE-03 - 1. b4OE-03 9.713E-04 -1.536E-03 
LOZbE-01 4. ton-04 -4.313EE-03 1.7CaE-03 -l.bblE-03 9.132E-04 -1.719E-03 
O.OZIE-01 4.14OE-04 ‘-4.422E-03 1.73aE-03 -1.736E-03 9.465E-04 -2.439E-03 
a.O26E-01 4.162E-04 -4.435E-03 1.759E-03 -1.763E-03 9.~..~lE-04 -2.854E-03 
a.O26E-01 4. a15E-04 -4.465E-03 l.IIOLE-03 -l.a26E-03 9.2 74E-04 -3.8206-03 
8.0261-01 4.852E-04 -4.407E-03 l.B43E-03 - 1. a69E-03 9.335E-04 -4.5R3E-03 

































lYPU1 POlNl LflCAlIllNS ILEFERFNCF AXISI 
mu X Y I THFTI-x THETA-Y 
1 1.154t*03 5.17lE*OI 1.433F+O2 l.‘JOOE+OO Z.f lOOE+O~ 
2 l.l54E+1)3 6.352E*Cl 1.44BEIOZ l .OOOE+OO 2.‘)00E*OO 
3 1.154F403 9.13lF*Ol 1.482E*02 ?.000E*00 2.000EtOfY 
4 l.l55F*c3 l.Z75E*02 1.527E+02 l .OOOE*00 Z.OOOE+OO 
5 l.lbZE*03 1.404E+02 1.54OE+02 l .OOOE+00 Z.OClOE+OI) 
6 l . l92E*03 1.923E+02 1.593E*02 l .OOOE+OO Z.OOOE*OO 
7 l.ZOlE+03 2.099E*02 1.6llE+02 7.OOOE*OO Z.OOOEMO 
8 1.217Ee03 2.312E+02 1.639F*O2 l .OOOE+OI) 2.000E*00 
9 1.247E+03 2.913E+02 1. b95E+02 l .OOOE+OO Z.OOOE+OO 
10 1.281E*03 3.390E+O2 l. l42E*OZ 7.OOOE+OO Z.OOOE+OO 
11 1.206E+03 3.454E102 1. 748E+O2 l .OOOE+OO Z.OOOE+OO 
12 1.334Ee03 4.‘l78E+02 1. IOIE+OZ 7.OOOEtOO Z.OOOEtOO 
13 1.362E+O3 4.445E+OZ 1.844E+02 I .OOOF+OO Z.OOOE+OO 
14 1.375E+03 4.617E+02 1. BbOE+OZ l.O00E*00 Z.OOClE+OO 
15 1.319E*03 C.b65E+02 1.865E+OZ l .OOOE~OO Z.OOOE*OO 
16 1.397F+O3 4.913E*02 l.W!9E+02 T.OOOE+OO Z.OOOE+OO 
17 1.422E+03 5.244E*02 1.921E+02 l.P!lOE+‘)O 2.00OE+00 





















19 1.464E*03 5.79bEt02 1.974~*02 7.0@0F*00 L.O?OE*l)O 
PO 1.5llE*03 6.409E+O? 2.033E*32 7. COOE *‘JO 2.000E+nJ 
21 1.53ti*03 b.l39E*O2 2.064E+02 7.OOOE l ocl %.OOOE*O’) 
22 1.552E*03 b.Y43Et 02 2.084F*n2 7.OOOE+30 2.OOOE*00 
23 l.bCCEt’)3 7.574Et02 Z.lCSE*OZ ?.OOOE*n0 L.FOOE+OO 
24 l.bCTE*O3 7.662E+02 2.153E*02 7.0OOE+OO Z.OOOE*OO 
25 l.b23E*03 l.B8lE+02 2.174E*02 I.OOOE*OO Z.OOOE*OO 
26 l.b53F*‘)3 8.278E*02 2.213E*02 7.oooF*o3 Z.OOOE*O’J 
27 l.b70E*03 .3.50bE*OZ 2.235E*OZ 7.OOOE*OO Z.OOOE+OO 
2.3 1 .bi?lF+O3 R.l34E*OZ 2.25lE*Ot l.OOOE+OO Z.OOOE+OO 
29 1.701E+O3 8.923Et02 Z.ZlSE+OZ 7.00OE*00 Z.OOOE+OJ 
30 l.l57E+03 9.65lE*02 2.34bE*O2 7.000E*OO Z.OOOE*OO 
31 l.l7bE+03 9.905E+O2 2.310E*OZ l.OOOE+OO L.OOOE*OO 
32 1.919E*03 l.O48E*03 2. IZbE*OZ ?.000E+00 Z.OOOE*OO 
33 
34 
1.863E+O3 l.l07E*O3 2.483E*02 l.OnOE*~0 L.OOOE+OO 










































lNPU1 POINT LOCAlIONS (LCCAL AXIS ) 
x Y L THFTA-X THFTA-I THETA-L 
3.750EtCZ 5.2lOE+Ol -1.37bE-06 
3.15OEt02 6.4Oi)EtOl -1.420E-06 
3.75OEtO2 9.200E*Ol -1.521E-Ob 
3.750EtO2 1.285Et02 -l.b53E-Ob 
3.827E+O2 1.415Et02 -1.724E-06 
4.120E+02 1.937E*02 -Z.OObE-06 
4.214Et02 Z.l15E+OZ -2. IOOE-@I 
4.370Et02 2.390EtOt -2.249E-06 
4.670Et02 2.935Et02 -2.542E-06 
5.01lEt02 3.415Et02 -2.823E-06 
5.0bOEt02 3.48OEt02 -2. BbZE-06 
5.53CEt02 4.109EtO2 -3.239E-06 
5.810Et02 4.4laE*O2 -3.4blE-06 
5.94OEtO2 4.652Et02 - 3.565E-06 
5.977Et02 4.700Et02 -3.594E-06 
6. lbOE*OZ *.95oE*o2 -3.143E-06 
6.410E+02 5.283Et02 -3.942E-06 
b. 790Et02 5.781CtO2 -4.243E-06 
b.830Et02 s.a40E*02 -4.277E-06 
1.3OOEtOZ 6.457EtO2 -4.649E-06 
7.548Et02 6.79OFtO2 -4.848E-06 
7.707F+O2 b.995Et02 -4.973E-06 
B. l8CE+OZ 7.63lEt02 -5.353F-06 
a.747Fto2 7.120Et02 - 5.406E-06 
25 8.41OE*O2 7.940Et02 -5.53tlE-06 
26 B.ICPE*OZ 8.34OEt02 -5.777E-06 
21 t).BtIoF*o2 8.57OEt02 -5.915E-06 
28 9.05LE+OZ A.BOOE*OZ -b.O52E-06 
29 9.19OE+O2 8.990E+02 -6.165E-06 
PO 9.742E+OL 9.?30E*o2 -6.607E-06 
31 9.92w*02 9.979E*02 -b. 75bE-06 
32 1.036Et03 l.o56E*03 -1. IOIE-06 
33 1.080E*03 1.115E+O3 -7.45bE-06 
34 1.093.F*r)3 1.132E*O3 -7.5bOE-06 
I8SURFACE 2 INBO. 4IL. 1 
SURFICE NUll13Ell I 2) MhEMONlC IDENTlFlCATION IS IINBI). AIL.1 
I lR4NSFORM I 
TRANSL4TlON POtATIUN IOEGREESI 
x V L PHll PHIV PHIL 
7.792E*02 .O 1.501E+02 7.000E*OO Z.OOOE+OO .O 
---------- “0,4IION -------_-- TR ANSI.41 ION 
9.993908E-01 .O -3.489950E-02 7.791900Et02 
4.253179E-03 9.925462E-01 1.21795lE-01 .O 
3.413936E-02 -l.Z18b93E-01 9.919415E-01 1.500900E+02 
(C NUDES ON HlNCE LlNE 
I NODES FROM CAR 0 LIXIL 2 
NODE COORDlN4lES 4RE INPUT FROM ICARP 
NUMBER OF NODES TO BE REAO 1s 1 21 
7.QOOOE+02 3.5000E+02 .O -.o 
7.OOOOE+Ot 5. lSOOE+OZ .O 0 
IC PIRENT SURFICE IS I(4IN YlNG ; ;RFACE 
t MODES FROM 1 
1RIGIO 9 1 
I HINGE 700. 350. 700. 515. 
L SA 1 1  1  
SAI II SELECTED FREEDOMS ARE 0 0 1 1 1 0 
(MOTlONIXIS 2 0 
MOTION 4x IS SCHEME 
NUMBER OF OEFlNlI lLM POINTS = 
INOIC47OR FOR ROlAl lON RX OAIEN7:7IW I 
EQUAL 0. FREESTREIH 
x-LOC v-LOC SLOPE 
1 7.oooF+o2 3.5WE+02 .O 
,P”lN: 
7.OOOE+02 5.15OE+O2 .O 
54 
PRlNl OPl lON IS 1 ($4 I1 II 
lPUiNT LOCATIONS 
PRlNT OPTlON IS 3 ILC II I( 
I PY IN1 MODE 









NO1 EPUiL 0, PERPENDICULAR IO LOCAL SlR4lGHT LlNE MOTION 4x1s 
TITLE 










INPUT MODE SHAPES TR4NSL4TION - II 
IMOOE 2MDE 3MODE 4MllDE 
I lMOOE 
:8 
.O .O .O 
.O .O .O .O 
.O 
INPUT MODE SHIPES TRANSLATION - V  
1MOOE ZMOOF 3MOrJE 4YODE 
l lMOH)I)E 
.3 .O .O .O 
.O 
.o .O .O .O 
.O 
INPUT MODE SHPPES TR4NSLATION - L 
IMOOE 2HODE 3MOOE CHOOE 
1lCIODE 
l .OOOE*OO -1.683E*02 -l.O98E-02 l.O25E-01 
.O 
l .OOOE*OO - l .b95E+02 7.546E-02 4.90BE-02 
.n 
INPLll MOOE SHAPES ROTATIW - X 




l .WlE-02 3.777F-04 -l.b63E-04 
































































INPUT POINT LOCAiIONS IREFERENCE AXIS1 
X V 1 THETA-X 
1.40OE+03 3.474E*02 1.683E+02 7.COOE+OO 




INPUT POINT LOCATIONS 1LCCAL 4x1s I 
x V  .? THfT4-X 
7.OOOEt02 3.500E+02 .O 
7.000E+02 5.15OE+02 .O 
54 4RRAV lFUNCTlONAL COEFFlCIENTSl 
ROC 
I 202 POINTFR TO LIST ELEMENT 
: MOTIONAXlS HETHllO OF INlERPOL47lUN 
190 POlNTER TO IRANSFORWATtON 
4 11 HCOLS, TOTAL NUHeER OF NOOES 
5 I MCOLI, NODES 1 7liRU MCI-IL1 WILL BE ZEROS 
6 11 HCOLN, MODES MCOLN+l  rHRU MCOLS WILL BE ZEROS 
7 Z.OOOE+CO 2.000EtOO 7.OOOE+OZ 7.000Et02 
11 3.500E+02 5.15OF+O2 .O .n .O 
21 .O .O .O 1.65rlEt02 l.o9of*oo 
INPUT W O ”F SHAPES ROTATICN - V  
IMODE ZWOOE 3HOOE 4MOOE 
1 lIY3DE 






9.996E-01 -2.500E-Ok -7.465E-54 6.312E-04 
INPUT MODE SHAPES RO7A7lON - 2  
INODE ZNODE 3HODE 4NOOE 
1 IMODE 
.O .O .o .O 
.O 













Z.f lOOE*OO .O 
THETI-V THETA-L 
1.650E*02 .O 
l .OOOE*OO -1.6R3FtO2 
.O 
- l .b95E+O2 
7.OOOE+02 .O 
-l.O98E-02 7.546E-02 














41 .n .O .O 
51 3.777E-C4 b.O7OF-04 -l.b63E-34 
61 1.419E-04 9.134?-04 .O 
71 9.762E-01 9.99bE-01 -1;023E-04 
81 -l.O71E-03 -8. IOTE-04 e.5e7E-04 
196: 
2.153f-17 2.153F-17 -7.439E-03 
Z.OCZE-03 2.042E-03 -3.325E-04 
111 .o .O .O 
121 1.498E-06 1.49eE-06 6.562E-06 
131 .o .O .O 
141 2.779E-07 2.779E-07 1. WBE-07 
151 .o .O .O 
161 11111 11111 11111 
171 I1111 11111 IIIII 
181 11111 11111 III11 


















































































































I (SURFACE 3 1.1. TAB 
SURFACE NUMBER L 31 MNEMONIC IOENTlFIC4TlON IS l1.A. TAB I 
I TRlNSFORII 
TRANSL4TlON ROT4TlON IOEGREESI 
x V 72 PHIX PHlV PHI 2 
7.792E+02 .O 1.501E*02 7.00OEtOO 2.000E+OO .O 
------ew--- R‘,,A,l,-,N ---------- TRANSLATION 
9.9939ORE-01 .O -3.489950602 7.791900EtOZ 
4.2531?9E-03 9.925462E-01 1.217951E-01 .o 
3.443936E-02 -l.ZlR693E-01 9.919415E-01 1.500900E+02 
IC NODES ON HIffiE LINE 
I NOTIES FROM CARDS LU4L 2 
NODE COORDINATES ARE INPUT FROM lC4ROS 
NUMBER OF NODES TO IIE REAO IS I 21 
7.5050E+02 4.4500E+02 .O -.o 
7.50501*02 5.1500E+02 .O 0 
IC PIRENT SURFACE IS 1NfKJARD Al;: 
I MODES FROM 2 
lRIGI0 II 1 
750.5 445.0 750.5 515. 
1 
SAI 11 SELECTEO FRE:OOMS ARE ‘0 0 1 1 I 0 
IMOlIf lNAXIS 2 0 
MOTION 4 I I s SCHEME 
NUMBER OF DEFINlTlON POINTS = 2 
INDlC4TOR FOR 101471011 RX ORIENTATlOI L 
I 
I 









EQUAL Or FREESTRE4bi  
NOT EQUAL 0, PERPENDlCULIR TO LOCAL STRAIGHT LINE MOTION AXIS 
x-LOC v-Luc SLOPE 
: 
7.505Et02 4.450E+02 .O 
7.505Et02 5.15OE+O2 .O 
(PRINT LOCATlONS 
PRINI OPTION IS 2 LLC 
IPRINT NODE 
PRINl OPTION IS 6 I110 
I SENO 
I II I 
I II I 
L*L4.*L****L*L..+*.*.*+.*++~*~ 1 I TLE +**.*+.**.+L**CLC*I.++.***+..* 
TITLE HlGH ASPFCT RI110 WING UITH 11 MODAL FFEEnCMS 
ROU 
INPUT MODE SHAPES TR4NSLATlUN - X 
I MODE ZMODE 3N00E QNOOE 
1lMIOE 
I .o .O .O .O 
.O 
2 .O .O .O .o 
.O 
INPUT MODE SHAPES TRINSLATION - V 
ROW 1MOr)E ZWOOE 3MOOE 4MOOE 
1 IHOOE 
1 .O .O .O .O 
.Q 
2 .O .O .O .O 
.O 
RON 
1NPUT MOGF WIPES TR4NSLITlON - I 







l.nooF+3o -2.190E+02 4. RZSE-02 l.l04E-01 
.O 
1 .OOOE+OO -2.2OOE+OZ E..509E-02 R.677f-b2 
.O. 
INPUT MODE SHAPES ROlATIffl - X 




2.1645-03 5.549E-OC -5.479E-04 -2.35RE-04 1.732E-03 -2.52bE-04 7.435E-04 
.O -5.272E-03 b. 522E-04 -R. lRRE-04 -1.309F-04 2.191E-03 -4.79lE-04 l.O69E-93 
5HOOE 6MOOE 7MODE RMODE 
.O .O .O .O .O .O 
.O .O .O .O .O -0 




.O .O .O .O .O 
.O .O .O .O .O 
SHODE 6MOOE 7WODE RWODE 9HODE IOHOOE 
-1.961E-01 -4.508E-01 2.471E-01 -l.B’IOE-01 -5.050E+OI 
-2.1.5lE-01 -3.103E-01 2.183E-01 -l.ZZOE-01 -5.OSOE+Ol 
.O 
.O 















































































l . l1OE*03 




























l . f looF+oo 
6.057F-03 
l .OOOE+OO 
-8.348 E-O 3 





























































































































































l . l3SE+O’J 
l . . lbOE+OO 






































OUTPUT POINT LOCITIONS ARE SHIFTECJ LOCAL Cf lUPOINATFS 
W O Y  I v 
1 1.57tIE+OZ 9.690EtOl 
2 3.340E.02 9.690E.01 
3 5.343E.02 9.690E.01 
4 b.b51E+02 9.690E.01 
5 3.186E.02 2.882Et02 

















7.918E.02 4.7 ME+02 
b.Z’)lE+OZ b.42lE+OZ 






























-9.447E-01 - 1. LblE-04 3.250E-05 
.O .O .O 
.O -9.470E-01 -4.3ObE-05 3.297E-05 
-2.350E-04 .O .O .O 
.O -7.209E-01 -9.851E-05 4.803E-06 
8.652E-05 .O .O .O 
.O -9.943E-01 2.195E-05 9.537E-05 
-4.539E-04 .O .O .O 
.o -9.90bE-01 5.166E-05 5.419E-04 
-&219E-04 .O .O .O 
.O -1.023EtOO 9.59bE-05 9.367E-04 
-l.Oi?IE-03 .O .O .O 
.o 
-4.214&04 
.O -9.918E-01 1.529E-04 
-5.541E-04 .O .O 
0’ 
G34I1E-o; 
-9.935E-‘I1 2.112E-04 7.5&E-04 
- l .OOOE+OO -.O -.o 
-.o “) -9.935E-01 Z.llZE-04 7.58bE-04 
-4. sic E-04 -1.000E+00 -.o -1 .OOOE+OO 
-&3BE-04 
-9.999E-0 1 4.41 LIT-04 b.lbTE-04 
.O .O .O 
.O -l .OOOE+OO 3.754E-04 l.bbBE-03 
3.593E-04 .O .O .O 
.O - l .OOOE+OO 3.57bE-04 2.585E-03 
b. 665 E-04 .o .O .O 
.O -9.998E-01 3.93bE-04 2.851E-03 
4.052E-04 .O .O .O 
.O - l .OOlE+OO 4.8L14E-04 Z.ZBOE-OY 
-2.4lOE-04 .O .O .O 
-9.467E-05 -3.651E-05 2.637E-05 8.791E-05 -2.114E-05 
.O .O 
-B.Z63E-05 -3.009E-05 -3.675f-06 l.OblE-04 3.015E-OS 
.O .O 
-9.90bE-01 l.OBlE-04 2.44bE-04 
.O .O .O 
5.782E-04 
.O 
C.LISZE-05 -4.622E-04 -Z.B83E-r)5 
-9.875E-05 -1.668E-04 1.951E-04 
b.372E-05 -2.633E-04 -6.164E;05 
-2.452E-04 -3. b19E-04 4.101E-04 
-4.874E-04 -2.925E-03 0.136SE-04 
-I.OblE-04 -5.15BE-03 1.2bIE*3 
-3.702E-04 -1.453603 5.417E-04 
-5.304E-04 -3.5OlE-03 E. 14OE*4 
-b.&bE-04 -4.602E-03 0.792E-04 
-t..i?bbE-34 -4.bOZE-03 8.79ZE-04 
-3.043E-04 -5.4OOE-03 3.77ZE-04 
-f,.bllE-04 -3.b54E-03 -2.604E-Ok 
-B.Z07E-04 -2.003E-03 -1.740E-QI 
-l.O90E-04 -1.556E-03 -l.OSIE-03 
-3.215E-04 -2.799E-03 -6.363E-02 



























































































































































































































16 8.295E.02 7.95lE.02 
19 9.159E.02 7.95lE.02 
20 9.724E.02 7.951E.02 
21 8.613E.02 9.265Et02 
22 9.268Et02 9.265E.02 
23 l.OClEt03 9.265E.02 
24 1.050E.03 9.2bSEt02 
25 9.462E.02 1.032Et03 
26 1.004f+03 1.032E.03 
27 l .OIOEtO3 1.032E.03 
23 l.l lZE+03 1.0321+03 
29 l.O08E+03 l.llOEt03 
30 1.061Et03 l.l lOE+03 
31 l.lZOEt03 l.llOEt03 




























.O -9.992E-01 4.41bE-04 3.553E-03 
-3.911E-1)4 .O .O .O 
.O -9.978F-01 3. TblF-04 ‘+.570E-03 
-b.Z85E-04 .O .O .O 
.O - l .OOlE+OO 4.20bE-04 4.464E-03 
8.715E-05 .O .O .O 
.O -9.999E-01 4.455E-04 4.578E-03 
2.263604 .O .O .O 
1::72E-03 
-9.999E-0 1 C.blBE-04 4. TOlE-03 





.O -9.998E-01 5.llBE-04 4.923E-03 
4.050 E-03 .O .O .O 
.O -9.999E-0 1 5.228E-04 5.018E-03 
5.832E-03 .O .O .O 
.O -9.994E-01 5.268E-04 5.082E-03 
7.163E-03 .O .O .O 
-.o -9.990E-01 5.254E-04 5.078E-03 
7.026%-03 -.a -8.489E-01 -.o 
.O - l .OOlE+OO 5.351E-04 5.106E-03 
7.312E-03 .O .O .O 
.O - l .OOOE+OO 5.335E-04 5.135E-03 
7.903E-03 .O .O .O 
.O -9.999E-0 1 5.273E-04 5.202E-03 









-.o -9.999E-0 1 5.304E-04 5.185E-03 
9.489E-03 -.o - .O -.o 
-9.999E-01 C.SlOF-04 4.799E-03 
.O .O .O 
- l .OOOE+OO C.B53E-04 4.833E-03 
-.o -8.489E-01 -.o 
-9.999E-01 5.303E-04 5.179E-03 
-.o -8.4(19E-01 -.o 
-9.999E-01 5.357E-04 5. LlbE-03 
.O .O .O 
-9.999E-01 5.304E-04 5.185E-03 
-.o -.o -.o 
-9.999E-01 5.304E-04 5. LOSE-03 
-.o -.o -.o 
-4.132F-04 -l.l95E-04 -1.079E-03 
-4.971E-04 2.182E-03 -l.ZISE-03 
-2.737E-04 1.9bBE-03 -7.7bCE-04 
-l.OLIIE-04 2.303E-03 -3.385E-04 
4.3lZE-05 t.b49E-03 1.919E-04 
1.499E-04 2.946E-03 6.653E-04 
1.850E-04 3.054t-03 8.635E-04 
4.155E-04 3.39OE-03 1.60LE-03 
5.0bOE-04 3.6938-03 2.137E-03 
5.555E-04 3.8999-03 2.502E-03 
5.604E-04 3.890E-03 2.504E-03 
b.lTlE-04 3.9126-03 2.7068-03 
6.355E-04 C.O17E-03 2. MlE-03 
5.823E-04 4.243E-03 3.033E-03 
b.l28E-04 4.195E-03 3.02lE-03 
6.609F-04 4.lZllE-03 3.024E-03 
b-143E-04 4.2llF-03 3.045E-03 
6.143E-04 4.211E-03 3.045E-03 
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